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ABSTRACT
THE RELIABILITY OF ECONOMIC TEXTBOOK READABILITY INDEXES

AS A MEASURE OF COGNITIVE GAIN: A COMPARATIVE ANALYSIS

by Rebecca Lynne Deel

This study sought to establish whether readability and cognitive gain are related
in principles of economics textbooks, and, thus, whether readability indexes are effec-
tive measures of text learnability, The research was conducted at Middle Tennessee
State University, Murfreesboro, Tennessee, durng the 1995 spring semester. Five
principles of macroeconomics classes were utilized involving 81 students.

In each class, students were given three readings either from a textbook
judged to be difficult or from one judged to be easy to read in an alternating pattern.
Before and after the three readings each student was tested on three topics treated
in similar fashion in both books. The first or narrative topic covered exchange rates
while the second and third topics were quantitative and graphical and involved cost
analysis and monopoly profit maximization. Information gain then was measured

by the difference in the pre- and posttest mean scores.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Rebecca Lynne Deel

Statistical significance of the mean score difference was indicated by
utilizing the standardized t-distribution test. When the statistical test was
applied, no significant differences were found in cognitive gain for the books’
narrative and graphical sections. This finding suggests that readability indéxes
are not indicative of potential information gain for textbook material presented
in the narrative or graphical form. However, in the quantitative section, a statis-
tically significant difference in information gain emerged, suggesting that read-
ability indexes are indicative of possible cognitive gain.

A least squares regression model was also developed to explore the inter-
action between student demographic characteristics, readability, and cognitive
gain. Of six demographic variables included in the model, only student sex and
class standing were statistically significant. Textbook readability index value

proved not to be statistically significant as an explanatory variable.
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CHAPTER I

INTRODUCTION

Sienifi ¢ the Stud
More than one million college students take principles of economics each
year. Since many students retain more information by reading than by listening, a
critical tool at their disposal is the textbook.! According to one recent study, text-
book readability and student comprehension are the two most popular screening
devices when choosing texts, although professors conéider other characteristics.
Readability refers to the aspects of a text which make it easy to understand.’
Factors that influence readability in any selected passage include the number of
long and complex sentences, the average number of words in each sentence, and

the number of commonly understood words. Also influential are the average number

1Michael J. Boskin, “Observations on the Use of Textbooks in the Teaching of
Principles of Economics,” Journal of Economic Education 19 (Spring 1988): 157-159.

?James Tate, “A Study of the Determinants in Selecting a Successful Principles of
Economic Textbook” (DA. diss., Middle Tennessee State University, 1991), 50.

3 Colin Harrison, Readability in the Classroom, (Cambridge: Cambridge University
Press, 1980), 33.

e tmp < bt < e o
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2
of syllables in the words and the number of abstract ideas.* According to W. B. Gray,

Jr., areading level between sixth and tenth grade constitutes an effective passage.’

Reading comprehension is difficult to define in that it involves many mental pro-
cesses such as logical reasoning, verbal learning, semantic memory, and visual mformation
processing. Although a comiprehension test is assumed to measure a reader’s understanding of
the material read, the test score often reveals only the reader’s overall language competence.

To resolve this dilemma, researchers seek to measure information gaih or
cognitive learning achievement rather than comprehension. An information-gain
score relates how much new information is gleaned after reading a passage. One
way to obtain this score is to test students for comprehension before exposure to a
reading, and retest after the passage is read to see how much better they score.
This type of information-gain score is related closely enough to a normal compre-
hension test to be considered by some as roughly the same thing.®

There is much written in the literature about readability as well as cognitive
gain generally, but very little involves economics. The terms “cognitive gain” and

“comprehension” are carelessly used in the literature interchangeably. When read-

* Timothy Standal, “How to Use Readability Formulas More Effectively,” Social
Education 45 (March 1981): 183.

*W. B. Gray, Jr., How to Measure Readability, (Philadelphia: Dorrance &
Company, 1975), 5-10.

$ Harrison, Readability in the Classroom, 33-39.
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ability tests are utilized appropriately, researchers find a definite relationship
between readability and comprehension. In validation studies, readability formulas
tend to have a correlation of between 0.6 and 0.7 with comprehension test scores.’
But as explained later, our approach employs the more narrow idea of information
gain and its relationship to readability.

Readability formulas may not be appropriately utilized in the economics text-
book selection process, because such formulas were not originally designed to measure
the readability of technical and scientific materials. These materials depend on the
understanding of a particular discipline's terminology. Readability formulas, which are
often rather mechanical, also may not measure the level of abstraction and complexity
of concepts.® Thus, the writer of a textbook faces a dilemma. If the author utilizes
simple language to enhance the readability level, his/her material may provide little
new information. But if technical and specific terminologies are overly used, the
reader is frustrated and does not benefit as much from the material.” Nevertheless,
readability formulas are utilized to assess economics textbooks, and comparative

readability indexes are published and noted in textbook promotional materials.

7 Ibid.
8 Timothy Standal, “How To Use Readability Formulas More Effectively,” 183,

® The World Book Encyclopedia, 1990 ed., s.v. “Reading,” by Henry A. Bamman,
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Statement of the Problem

The overall problem addressed in this study is how an instructor might best
convey to students complex and detailed economics information. The specific
problem addressed involves selecting a learnable and readable textbook which is a
critical aspect of the teaching function. If a text is too readable, students may not
learn the essential abstract cbncepts and the vocabulary associated with the science
of economics. However, if the text is too ambitious with abstract concepts and
vocabulary, students may find the information too difficult to learn.

The underlying assumption in this study is that the instructor desires to improve
his/her pedagogical efforts in economics principles. Economists are naturally inter-
ested in efficient use of scarce resources. Good communication and time-management
are also essential for both students and instructors. Improving communication between
these groups and promoting time-stewardship make this study of value.

Today's economics textbooks are laden with graphic and quantitative meth-
ods, but readability formulas typically do not include graphic and quantitative ele-
ments. Thus, two books with narrative text sections that varied greatly in read-
ability could at the same time register little variation in their graphic and quantita-
tive sections. Reinforcing the likelihood of this outcome is the common terminol-
ogy and symbolism involved in graphical and quantitative presentations. Hence, the

use of a single readability index value to describe an entire book may be misleading,
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The primary goal of this study is, therefore, to provide some insight for the
economics instructor or department committee in selecting an appropriate prin-
ciples of economics textbook. This is done by determining whether readability and
comprehension (information gain) are related in an economics textbook, and thus,

whether a readability index is an effective measure of text learnability.

Approach

Specifically, the study will seek to determine in which case cognitive learn-
ing or information gain is greater, when a textbook's readability is easy or when it is
difficult. Readability indexes published in 1994 for contemporary economics text-
books revéaled wide differences, ranging from eighth grade to thirteenth grade
levels. Thus, our procedure will be to select two current books with readability
indexes at each extreme (very low, very high) and have students in principles of
economics classes read passages from them. In an alternate fashion, one student is
given passages from the book which is judged very readable and another is given
passages on the same topic from the book whose readability is judged to be diffi-
cult, and so on. Prior to reading each passage, each student is given a pretest over
the passages' content. After the passages are read, an identical posttest is given.
Comparisons are then made of test score improvement between the two books to

determine in which book information gain is greater.
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6

In anticipation of this study, a pilot study was performed in two classes dur-
ing the Spring of 1994 at Middle Tennessee State University. The procedure in
that study was essentially the same as that outlined in the previous section.

In the pilot study, eight pretest and posttest questions from three different
reading selections were developed by carefully examining two economics prin-
ciples textbooks. The questions were common to both books. That is, they were
representative of the passages’ content in both books. One textbook, David Colan-
der's Economics, had an eighth grade readability index level, while Campbell
McConnell's textbook, Economics, had a thirteenth grade readability level.

Care was taken to select three topics that were identical in the two books. One
passage involving straight reading covered the functions of money. Another passage
was quantitative and dealt with the money multiplier, while the third selection involved
graphics in an explanation of profit maximization of the monopolist. Thus, the three
“languages” in which economics can be expressed were included: written, graphical,
and mathematical. No topic was selected that had already been covered in either class.

Fifty-nine students were tested in two macroeconomics classes, one at 12:00
noon and the other at 6:00 in the evening. During the exam period of 45 minutes,
students were allowed 15 minutes to complete each of the three sections.

Results were measured by changes in posttest mean scores. As expected,

hittle difference was observed in the posttest mean score changes for the quantita-
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tive and graphic sections in the two books, five percent for the former and zero per-
cent for the latter. A greater difference (nine percent) in the pre- and posttest mean
score improvement was observed for the straight narrative reading sections in the
two books. Although the larger difference was expected, the more readable book
registered the smaller. increase in information gained, contrary to expectations.

These results suggested a need for some refinement in this study’s methodology.
Hence, a different straight narrative section more representative of each book's dif-
ficulty 1s selected for testing (exchange rates rather than the functions of money). A
subsequent analysis of the original passages from the two books using a readability
formula revealed that there was little difference in the index values for that specific
topic. Subsequent analysis of the original quantitative passages also revealed that in
one of the books the presentation of the money multiplier formula was embedded in
written material. Thus, its significance may have been obscured by the written material
surrounding the quantitative notations which occupied much more space. This would
make it incompatible with the quantitative section from the other book which was more
brief and used more mathematical symbols. Different quantitative topics are, there-
fore, used in the present study (cost analysis rather than the money multiplier).

The pre- and posttest questions were reexamined one by one to determine
which needed to be revised or replaced (See Appendices A and B). A larger sam-

ple of students should have been tested. Therefore, for this study, five classes in-
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stead of two are tested. These are principles of macroeconomics classes with

meeting times on the same day, Thursday.

Statistical T

After the classes are tested, the difference in the mean score between pre-
and posttests for the three passages in the two books will be calculated. The degree
of cognitive learning achievement will be observed by these mean-score differ-
ences. It is expected that greater differences will be noted for the narrative sections
with the more readable book registering the most gain. The other two book sec-
tions are expected to show little if any variation. The measured differences in
information gain between the sample means will be the basis for acceptance or
rejection of the null hypotheses using the t-statistic.

Demographic information on class standing, sex, major, college math
courses, ACT/SAT score, size of high school, study of economics in high school,
and year of high school graduation are collected to enhance the study. The rela-

tionship between these factors and readability or information gain are examined.

Hypotheses
One primary and two secondary mull hypotheses are thus examined in the study. First,
1t 1s hypothesized that no significant difference will be found in cognitive gain when the mean

score improvernent of students using the more readable book is compared to the same score of
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9
those using the less readable book m the narrative section. If, however, a significant difference

in such mean scores is observed and if the mean score is greater for the more readable book,
the null hypothesis can be rejected relative to the altemative hypothesis.

The two secondary null hypotheses are advanced because of the expectation
that the quantitative (mathematical) and graphical sections will be very similar in
form and presentation (common technical terms, symbols, and so forth) from one
textbook to another. Further, textbook material is increasingly presented in such a
quantitative and graphic format. Therefore, it is hypothesized that for the quantita-
tive topics, there will be no significant difference between pre- and posttest mean
score information gain in the two books. Likewise, no significant difference is
hypothesized between the pre- and posttest mean score improvement for the graph-

ical sections in both books.

. t< in the Stud
In this study, the more constrained idea of information or cognitive gain and
its relationship with readability is explored, rather than how readability and com-
prehension are related. Comprehension is a more encompassing concept than cog-
nition, which is limited to the acquisition of empirical factual knowledge. Compre-
hension relates more to general understanding resulting from study, but also from

insight and implication. The study also is not designed to predict student cognitive

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



10

achievement in using particular textbooks; only the reliability of readability indexes
is examined. Further, the study is limited to five classes in one four-year university
economics department that offers degrees in economics. Only two textbooks are
used, and from these just three passages which are not selected at random are
tested. The study is conducted at one specific time, during the Spring semester of

the 1994-1995 academic year.

: ation of the Stud

Chapter one states the purpose and significance of the study. It also pro-
vides information about the pilot study that was performed along with the hypoth-
eses, constraints, procedures for collecting and treating the data, and the or-
ganization of the study.

Chapter two reviews the general literature on readability and comprehension
or information gain. The chapter also examines the literature relevant to
readability of economics textbooks.

Chapter three explains the methodology of the study, summarizes, and
analyzes the data.

Chapter four summarizes and analyzes the student demographic data.

Chapter five presents the summary, conclusions, and implications that result

from analysis of the data.
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CHAPTER II
REVIEW OF RELATED LITERATURE
Introduction

A review of current literature on readability and information gain provided lit-

. tle enlightenment with regard to economics textbooks. Information dealing with

readability made few references to economics or economics texts. The very limited
offerings on information gain provided no connection to economics.

In general, readability formulas are considered inappropriate tools to use in
selecting specialized textbooks. A contemporary principles of economics text con-
tains many tables, graphs, and mathematical formulas which are difficult to incorpor-
ate into any readability index analysis. Yet, readability indexes are prepared and pub-
lished for leading economics textbooks, and they are used in their promotional

literature.

Readabili
Although formal use of readability formulas began in 1923, few people other
than reading specialists and researchers adopted the new educational tool. The popu-

larity of readability formulas grew as formula builders such as Lorge in 1939, Flesch

11
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in 1943, Dale and Chall in 1948, and Spache in 1953 introduced improved versions
to the general public. Publishers took a greater interest in readability after instructors

began inquiring about the readability of their texts."®

Measuring Readabil
In his book entitled How to Measure Readability, W. B. Gray provides in-

structions concerning the process of measuring readability. To obtain a selection’s
readability level, the researcher calculates sentence length, the number of syllables
per one hundred words, and the percentage of what are considered hard words.
The average sentence length is computed by dividing the total word count by the
number of sentences in the passage. The number of hard words is obtained by
counting words with three or more syllables except proper nouns, compound
words made of short, easy combinations, or words raised to three syllables by add-
ing “ed,” “es,” “s,” or “ing.” Dividing total hard words by the total sample word

count and multiplying by one hundred gives the percentage.!

The Effective Readability F |
Hundreds of predictive readability formulas have been constructed by researchers,

psychologists, and teachers. The various formulas derived their scores from methods as

1 Edward Fry, “Fry’s Readability Graph: Clarifications, Validity, and Extension to
Level 17,” Journal of Reading 21 (December 1977): 243.

! Gray, How to Measure Readability, 11-16.
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extreme as multiple regression or pure intuition. Despite the variety of formulas, the

effective formulas have two critical attributes: validity and reliability.

Validity

Validity in a readability formula requires that there be a high correlation be-
tween the predicted formula score and text difficulty measured by some other criter-
ion such as comprehension test scores. In his research, Harrison has concluded that
readability formulas have good predictive validity.'? As stated in the first chapter of
this study, readability formulas tend to bave a correlation of between 0.6 and 0.7 with

comprehension test scores.

Reliability
Harrison also observes that the second major requirement of a formula is that

it be reliable. According to him, there are three crucial aspects of reliability: sampl-

ing adequacy, analyst reliability, and age level accuracy.”

Sampling adequacy. Inmost cases, formula users take a minimum of three sam-
ples, each with one hundred words. If an instructor is interested in one particular chapter,
all samples should come from that chapter. Evaluating readability for an entire text re-

quires that a sample should be drawn from near the begimning, one from the middle, and a

12 Harrison, Readability in the Classroom, 51-52.
B Tbid., 53-54.
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final sample from near the end. Researchers have noted a tendency in some books for the
author to use a more difficult language and style of writing early in a book or chapter.
This introductory material often is more philosophical and generalized, and could lead to

an inaccurate assessment of readability level for the rest of the information.,

Analyst reliability. Professors anatyzing the same passage with an identical

readability formula are expected to obtain the same results. However, this is not
always the case. Some formulas include variables that are difficult to judge consis-
tently, such as the ratio of abstract to concrete words. Other variables which may pro-
duce inconsistency are different ideas per one hundred words, the number of indeter-
minate clauses, or a simple counting error.

Vocabulary variables present special reliability problems. There are two methods
of estimating vocabulary difficulty: measuring the proportion of words on a word-
frequency list or counting the number of syllables per word in a selection. Word-
frequency lists may present reliability problems if the user has trouble interpreting the
rules which govern whether a word is familiar. Those who utilize readability formulas

also can be inaccurate simply in counting the mmmber of syllables."

Age level accuracy. The third aspect of readability is the formula’s adapt-
ability to proper age level of the reader. Even though a readability formula has a high

correlation with comprehension tests, high validity is no guarantee of accurate age-

¥ Ibid., 55-56.
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level prediction for any classroom use. Harrison has noted that at present no formula
is correct for all age levels. If a formula were devised to estimate text difficulty at a

certain age level, that level is where the formula would be most accurate, otherwise it

could give results that are not reliable.'

Readabilits F la Weal
Readability formulas are popular educational tools for instructors in selecting
textbooks and a marketing tool for publishers in selling textbooks. However, these
formulas have significant weaknesses when used as a basis for textbook selection.
These weaknesses stem not only from their statistical validation techniques but are
inherent due to the technical nature of some subject matter. The fact that syntax, sen-
tence complexity, and word difficulty are not dealt with qualitatively by readability

formulas also is a contributing weakness.

Deficient Statistical Basis

When readability formulas were developed, they typically were not marked
for validation studies. McConnell has noted that the earlier formulas were legitimized
in terms of reading practice exercises never intended to test student comprehension.
The more recent readability formulas were authenticated only in terms of the earlier

formulas. In other words, the predicted readability (or age) and comprehension level

" Tbid., 58.
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for students has never been tested during formula development. The validation

studies reported are after the fact.'®

Technical Material

Most readability formulas are not designed to analyze technical material such as
economics. Such information is highly dependent upon understanding a special terminology
and vocabulary. In some studies, according to McConnell, the researchers assumed
that instructors acquainted students with new vocabulary and thus counted those technical
terms as one-syllable words. The readability index level was reduced by three or four

grades. This same technique was applied to various other textbooks with the same results."”

Syntax and Sentence Difficulty
Word order in a sentence is crucial to understanding and readability. How-
ever, mechanical readability formulas count only words, syllables, and the number of
sentences in a selected passage with no regard for word order. The words in any
given sentence may be rearranged at random causing no change in readability.'®
Frequently, longer sentences are more difficult. But as Perera has pointed out,

short and terse sentences can be incomprehensible if needed connectives like “because,”

16 Campbell McConnell, “Readability: Blind Faith in Numbers?” Journal of Eco-
nomic Education 2 (Winter 1983): 67.

1 Ibid.

¥ Ibid.
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“although,” or “but” are omitted. Meanings often must be inferred in short staterents,

whereas the longer sentences explain meaning with greater repetition and more clues.'

Word Difficulty

Another weakness is that readability formulas assume that long words are
harder to understand than short words. While it is often true that long words are more
technical and difficult to comprehend, short words such as “gneiss” and “adze”
present a challenge to any reader.

Some formulas assume that familiar words are easier to understand than unfami-
liar ones. These methods of evaluating word difficulty depend on a word list which
contains frequently used words in writing, Any word not appearing on the list is
assumed to be unfamiliar and therefore difficult. The two word lists used most often are
the Dale-Chall and the revised Spache. The Dale-Chall list was compiled in 1948 and is

out of date. The Spache list was revised in 1974, and it is exclusively an American list*

Different T F Written Material
Perera has also observed that the reliability of readability formulas decreases dra-

matically when applied to some types of written material. She notes that the formulas

cannot be properly applied to small samples of language such as exam questions, instruc-

1 Katharine Perera, “The Assessment of Linguistic Difficulty in Reading Material,”
Educational Review 32 (June 1980): 156.

2 1hid., 154.
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tions, and chapter titles. Researchers also find misleading results when poetry is evalua-
ted. Most formulas also fail to note any extra difficulty associated with unusual sentence
structures or compressed or telegraphed language.

Readability formulas do not give any indication of the type of rewriting re-
quired to reduce a passage’s level of difficulty. These formulas are shown in research
to be of little use as style guides to adjust the reading level. Revised selections utilize
often unnatural and jerky language which makes the new version harder to understand

than the original 2

Level of Abstraction

The level of abstraction (LOA) of a passage cannot be taken into account by
readability formulas. In their recent study of scientific reading material, Vachon and
Haney state that:

The LOA of a sample of printed material is defined as the ratio of the
number of concepts having no concrete exemplars to the total number
of concepts in the passage . . . . concepts whose referents cannot be
experienced directly or with the aid of instruments are called non-
concrete concepts. They are understood in terms of other concepts,
functional relationships, inferences, and/or idealized model.?

2 Ibid., 152.
2 Tbid., 153.

2 Myra K. Vachon and Richard E. Haney, “A. Procedure for Determining the
Level of Abstraction of Science Reading Material,” Journal of Research in Science
Teaching 28 (April 1991): 344.

[ T
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A high LOA score implies that the selection is difficult. As can be inferred from

Vachon and Haney’s definition, the LOA in an economics text would necessarily be
high. Therefore, a readability index level would be of questionable value in determining

an economics textbook’s level of difficulty with regard to abstract concepts.

Textbook Characteristics

Readability of a text may be markedly improved by use of graphs, tables, fre-
quent headings and subheadings, early statement and repetition of basic themes, and
book layout/format. Yet none of these items can be directly incorporated into the

readability formula calculations,

Textbook Challenge

According to Dearman and Davis, the past fifteen to twenty years have wit-
nessed a decline in the reading ability of college-age students.”® Thus to assist college
students in their leaming endeavors, instructors and publishers began to utilize reada-
bility levels in choosing textbooks. Selecting a readable text with the lowest read-
ability index value seemed to be the logical choice. One difficulty with this approach

is that a text which is too easy to read will present no challenge to a student who

# McConnell, “Readability: Blind Faith in Numbers?”, 67.

% Catherine N. Dearman and Debra C. Davis, “Reading Abilities of Master’s Students
Versus Readability of Textbooks,” Journal of Nursing Education 29 (November 1990): 406.
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could then fail to develop his or her language skills. The overall result is that the most

widely used textbooks have declined in readability level over the past thirty years.

e of Readability Analysi

Utilizing readability analysis allows an instructor to evaluate his or her stu-
dents. Assuming that each college freshman reads at the twelfth grade level is unreal-
istic. In 1981, Gruber performed a readability analysis on the reading section of a
practice test for the high school equivalency diploma. The average readability level
from his analysis was about tenth grade. Some of these students may attend college.
Instructors of these students could find readability formulas helpful in choosing a
textbook that will challenge but not discourage them in developing their reading skills
and learning the material.

Theoretically, a textbook with an appropriate readability level will keep a stu-
dent’s interest and prevent frustration. According to Schneider, a poor reader needs a
textbook at a lower readability level to aid in his or her comprehension or information

gain. An accomplished reader, on the other hand, would benefit from a more chal-

lenging text to prevent boredom.

% McConnell, “Readability: Blinfi Faith in Numbers?”, 70.

R
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Schneider has noted that another reason to anatyze the readability level of a

textbook is to help a teacher avoid information overload or underload in class.?” The
readability index value at least allows a professor to eliminate some textbook choices
without wasting time in reviewing texts his or her students cannot comprehend or that

provide an inadequate challenge.

Inf ion Gai
As explained in the first chapter, information gain is the difference between

the pretest and posttest examination score after exposure to a reading passage. The

information gained from reading written material can be divided into two categories:

word-for-word verbatim learning and substance learning,

Verbatim V Sut L earni
Verbatim learning includes rote memorization of a passage or part of a pas-
sage, and learning facts in words taken directly from the passage. Substance infor-
mation gain requires that students organize, interpret, and paraphrase information.
Studies by Mosberg and Shima have been conducted which found that substance

learning is superior to verbatim learning %

7 David F. Schneider, “An Analysis of Readability Levels of Contemporary Text-
books That Employ a Hybrid Approach to the Basic Communication Course,” Communi-
cation Education 40 (April 1991): 166.

% Ludwig Mosberg and Fred Shima, Comprehension of Connected Discourse (Inglewood:
Southwest Regional Educational Laboratory, 1969), 7-9, DHEW, TR-12.
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Studying information gain represents a departure from traditional comprehen-
sion research. As noted, information gain is measured by the difference between pre-
test and posttest scores after reading a passage, while comprehension generally is con-
cerned only with posttest scores. With the pretest and posttest procedure, the re-
searcher assumes that the pretest is a neutral event. In other words, the posttest per-
formance is based solely on exposure to the selected passage.

However, Mosberg has observed that the pretest is not neutral and could po-
tentially influence the passage reading and posttest results.”” For example, the pretest
may cue the student as to the relevant information in the forthcoming passage and
thus improve posttest performance. It is also possible that instead of improving post-
test performance, exposure to the pretest fixated incorrect responses in the student’s

mind, thus impeding his or her posttest results.

Variables Affectine Multiole Choice F
A typical method of measuring comprehension or cognitive gain is to use the tra-
ditional multiple-choice test. As popular as this procedure is, there are pitfalls which

must be considered. Mosberg and Shima have noted several such difficulties.*

® Ludwig Mosberg, Measurement of Information Gain from Written Discourse
(Inglewood: Southwest Regional Educational Laboratory, 1970), 4, DHEW, TR-29.

3 Mosberg and Shima, Comprehension of Connected Discourse, 13-14.
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Response Biases

One response bias is a student’s tendency to guess when a correct answer is
not known. Students’ propensity to guess varies, so most instructors either encourage
students to always guess whenever in doubt or not to guess at all. Students who tend
to guess score higher than those who do not.

Another bias is position preference. Research shows that students prefer to
guess alternatives (a) or (b) rather than (c) or (d) in a four-alternative decision. Gener-
ally, the correct responses are randomly ordered to deal with this bias. The random-

ization, however, only guarantees that students will guess incorrectly on the average.

Response Alternatives and Distractors

As the number of alternatives increase, students’ tendency to guess the correct an-
swer decreases. Students also find it more difficult to eliminate the incorrect responses as
the number of choices increase. Mosberg and Shlma also note that students tend to elim-
inate incorrect alternatives first and then guess randomtly from the remaining options.>!

If multiple choice distractors are obviously incorrect, then students easily eli-
minate those choices. Ideally each choice should be such that if students do not know

the correct answer every alternative looks equally appealing*

3 Ibid., 14.

% Ibid.
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Specialized Inf . { Examination Ouesti
Hunsaker reported that researchers Funkhouser and Maccoby found informa-

tion gain was positively correlated with information presented in a special format
such as in graphs.® According to Howard Wainer, information presented in special-
ized forms such as graphs, tables, and mathematical equations enhance the reader’s

cognitive gain more than identical information conveyed through narrative text.

Graphs

In his research, Wainer observed that graphics work well in textbooks because
many people excel at seeing spatial relationships. A well-drawn graph is instructive
and invites deeper study.

Graphics questions usually fall into three categories, according to Wainer.
First are elementary level questions which involve extracting data from a graph.
Second are questions at the intermediate level which ask the observer to identify
trends in the presented data. The final level of questions requests the student to

demonstrate his or her understanding by way of trend comparison.**

33 Alan Hunsaker, “Enjoyment and Information Gain in Science Articles,”

Journalism Quarterly 56 (Fall 1979): 617.

3 Howard Wainer, “Understanding Graphs and Tables,” Educational Researcher
21 (January-February 1992): 15-16.
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Tables

Exam questions involving tables almost always are first level or elementary
level questions. Typical usage of tables in a test situation is to ask four or five ques-
tions about specific entries in a tabular presentation. Question difficulty is increased

simply by mandatory multiple steps at the same question level.**

Graphs Versus Tables

Graphs communicate information using space while tables use a specific iconic
representation. Wainer has suggested that information gain improves as tables become
more like graphs in utilizing space.®® But recent research reported by Kelly indicates that

there is little difference in information processing between the two displays.*’

Mathematical Equations

Many readers encounter problems in processing quantitative information when
the information is presented in equation form. According to studies by Dee-Lucas
and Larkin, it is probable that novice readers find the decoding of symbols to be too
tedious and difficult, and favor the easier solution of rote memorization of written

material. But while verbal statements are fully decoded, they are difficult to mem-

% Ibid., 18.
% Ibid., 21.

37 James D. Kelly, “The Effects of Display Format and Data Density on Time Spent
Reading Statistics in Text, Tables and Graphs,” Journalism Quarterly 70 (Spring 1993): 149,
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orize. However, these researchers conclude that typical students will more easily be
able to apply the knowledge and information gained because of a deeper understand-

ing made possible with the verbal statements.*®

Chapter Summary
The discussions presented here suggest that readability formulas can be poor

gauges of a textbook’s difficulty. Such formulas are not always suitable for analyzing
technical material or material with the level of abstraction found in some textbooks.
Specialized sciences necessitate the use of long, difficult words and concepts which
often are not part of the reader’s personal experience. Specialized information pre-
sented in graphs, tables, and equations cannot be taken fully into account by mechan-
ical readability formulas.

The study thus now turns to an investigation of whether these readability for-
mula weaknesses also apply when they are used to judge economics textbooks. Spe-
cifically, the study will seek to determine whether readability indexes are reliable pre-

dictors of student performance.

% Diana Dee-Lucas and Jill H. Larkin, “Equations in Scientific Proofs: Effects on
Comprehension,” American Educational Research Journal 28 (Fall 1991): 674.
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Chapter I1I

STATISTICAL ANALYSIS OF DATA

Statistical Testing of Primary T

Statistical testing of the null hypothesis involved comparisons of mean
test score differences of students taking the exams from the easy book with
those using the hard book. The degree of cognitive learning achievement was
analyzed using the standard statistical t-test procedure.

The t-test ascertains whether the measured difference of sample means is
due to mere chance, or to the textbook readability level. As stated earlier, the pri-
mary null hypothesis is that in the books’ narrative sections no significant differ-
ence will be found in cognitive gain when the mean score improvement of students
using the more readable (easy) book is compared to the same score of those using
the less readable (hard) book. The two secondary null hypotheses are that there
will be no significant difference between the pre- and posttest mean score
information gain in both books for the quantitative and graphical secﬁoﬁs.

To test these hypotheses, the degree of information gain registered by stu-
dents using both the easy and difficult textbooks was determined by calculating an

27
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anithmetic mean improvement score for each group in the narrative, quantitative,
and graphical sections. The mean was computed by measuring the score differ-
ences between the pretest and posttest for each of the three sections.

Statistical statements were made by using the following method: (1) Reject
the null hypothesis if the calculated { was greater than the critical value oft or if the
calculated t was less than the critical value of -1, or (2) fail to reject the null hypoth-
esis if the calculated t was less than the critical value of t or if the calculated t was
greater than the critical value of -+.*’

The various t-test values utilized were based on the different mandatory
degrees of freedom.

The concept of degrees of freedom refers to the number of independent devia-

tions used in the determination of the estimated value of the standard deviation

. ... there are n - 1 [n=number of participants in the sample population] inde-

pendent deviations because % [the sample mean] has been calculated from the

sample and therefore, n - 1 degrees of freedom are associated with its use.®

The two sample populations for this study consisted of 81 students, therefore
resulting in 79 degrees of freedom. As shown in Table 1, there were 41 students
reading selections from the more readable textbook and 40 students studying the

more difficult textbook. Calculating the mean improvement score for each section

% Mark L. Berenson and David M. Levine, Basic Business Statistics (Englewood
Cliffs, NJ: Prentice-Hall, Inc., 1986), 359-363.

“ Donald R. Plane and Edward B. Opperman, Business and Economic Statistics
(Plano, TX: Business Publications, Inc., 1986), 212.
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revealed that for the narrative and graphical sections the difficult text group scored

slightly higher information gains (.335 and .04, respectively) than the easy text

group. In contrast, the quantitative section disclosed a much higher gain of 1.151

points for the easy text group over the difficult text group.

ences between the two textbook groups were statistically significant. The

Table 1

Test of Differences Between Textbook Pretest and Posttest Scores

Book Group N Mean Var. PSD df t
Narrative
Easy 41 1.390 4044 1895 79 -790
Hard 40 1725  3.128
Difference 335
Quantitati
Easy 41 1.976 3424 1865 79 2.780
Hard 40 —825  3.533
Difference 1.151
Graphic
Easy 41 585 2098 1532 79 -120
Hard 40 H25 2599
Difference .040

All standard deviations are reported from pooled data.
PSD = pooled standard deviation df = degrees of freedom

The standard t-test procedure was used to ascertain if the various differ-

results of the {-tests are presented in Table 1.
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An evaluation of the mean difference in information gain between the narra-
tive pretest and posttest scores proved to be statistically insignificant. The calcu-
lated t-value of - 790 which is less than the critical {-value of 1.991 supports this
conclusion. Since the critical value of t =05 confidence level is 1.991, the calcu-
lated t-value was not significant and the hypothesis was accepted as stated. Accep-
tance of the hypothesis indicated that for the narrative topic no significant differ-
ence was found in cognitive gain when comparing mean improvement scores of
those students reading the difficult book and those reading the easy book.

For the quantitative section, the pre- and posttest mean score difference
between the two groups was found to be statistically significant. A calculated t-
value of 2.780 which exceeds the critical t-value of 1.991 prompts rejection of
the null hypothesis. There was a significant difference in the information gain
between the easy book group and the hard book group.

In the graphical topic, the calculated t-value of -.120 was less than the
critical t-value of 1.991, and resulted in an acceptance of the null hypothesis as
stated. Hence no significant difference was found in graphical information gain
when comparing mean improvement scores of those students reading the diffi-
cult book and those reading the easy book. Since the score difference was so slight

(.04 in Table 1), no further analysis on this passage will be presented here.
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The results obtained thus far are mixed. The narrative and graphical sec-

tions reveal no significant difference in information gain between the more readable
or easy book and less readable or hard book groups. However, the quantitative sec-
tion showed a significant difference in information gain. But the mean score was
greater for the more readable (easy) book, leading one to conclude that readability

level did play a role in cognitive gain in this topic.

Statistical Testine of Secondary I

As noted, the narrative selections demonstrate no significant difference
between the average mean score improvement of the easy text and hard text
groups. An examination of the mean scores more closely in Table 1 discloses
that the students reading the more difficult text showed a numerically higher
information gain than those reading the easy text.

To possibly identify a reason for this unexpected difference, a Fog Index
was computed on the narrative selection of the two textbooks. The results revealed
an index value of 14 (a college sophomore reading level) for the easy book and an

index value of 17 (graduate school) for the difficult book.” These results also sug-

4! Malra Treece, Successful Communication for Business and the Professions (Need-
ham Heights, MA: Allyn and Bacon, 1991), p. 81, explains the Gunning Fog Index as being a
readability formula for samples of at least 100 words. To get the Fog Index readability level,
one calculates the average sentence length, counts the number of words with three or more syl-
lables which is divided by the total number of words, adds the average sentence length to the
percentage of hard words, and multiplies by .4. (See Appendix C for an illustration.)
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gest that for these passages readability and information gain are inversely related

contrary to expectations. Students using the hard rather than the easy book gleaned
more information from reading. Perhaps a textual factor such as layout, print size,
heading, or the like offers an explanation. More likely, the explanation is that the
two sections were not representative of the level of rigor of either book.

As noted above, only the quantitative section revealed a statistically sig-
nificant difference between the average mean scores of the more readable and
less readable texts. The mean score improvement for those reading the easier
text was 1.976, while the mean score improvement for the difficult text was
.825, a difference of 1.151 as shown in Table 1.

In an effort to explain this difference, an additional t-test was done, again
using comparative data for both groups. The test was to ascertain if the students
using the easier text came to the test with a greater facility with quantitative meth-
ods, which gave them an advantage in this testing. A f-test was completed using
only the pretest data for the quantitative exam. The results are presented in Table 2.

The calculated t-value from this test was -2.441. Since the critical t-value
for 79 degrees of freedom at «=.05 confidence level is -1.991, the difference
between the two means was significant. But as further reference to Table 2

shows, students reading the more difficult book scored an average of .776
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points higher than the students reading the easier book. This suggests that the

group reading the harder rather than the easier text had a better knowledge of

Table 2

Test of Quantitative Section Pretest Scores

Book Group N Mean Var. PSD df t

Narrative
Easy 41 3.049 1.197 1474 79 -2.441
Hard 40 3825 2917
Difference 776

All standard deviations are reported from pooled data.

PSD = pooled standard deviation df = degrees of freedom
quantitative methods before the testing. Pretest score differences, therefore, do
not offer an explanation of the reason for higher performance in the easy book
(refer again to Table 1). A review of student demographic information, how-
ever, reveals that those reading both books had already completed an average of
almost two college mathematics courses (1.8 courses). Hence their perform-

ance in the quantitative area was facilitated.

Summary of Statistical Results
These statistical results suggest that the alternative hypothesis that readabil-
ity indexes are reliable indicators of student information gain and are, therefore,

trustworthy tools in textbook selection cannot be accepted. Rather, the null hypoth-

————— - ——— -
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esis that there is no significant difference in cognitive improvement between more
readable and less readable textbooks is sustained. The one exception involves -

quantitative book passages where the narrative text material appears to matter.

Statistical Model
The demographic data collected for this study are also used in a simple Ordinary
Least Squares regression model to explore the interaction between student demographic
characteristics, readability index values, and information gain. Of primary interest 1s the
discovery of any relationship between cognitive gain and textbook readability in the
model. The following is the ordinary least squares regression model in general terms:
y=B0+B1X1 + B2X2 + B3X3 + B4X4 + B5XS5 + B6X6 +E, where y
is mean improvement score or total gain, B, are the coefficients of the indepen-
dent varibles, X; are the independent variables and E is the value of the random
error term. The data are regressed using the Econometrics Toolkit, Version 3.%
The independent variables used in the model are INDEX, ACT, CLASS,
SEX, MAJOR, and SIZE. The variable INDEX is the readability level index value
published for each textbook. The easier text has a readability level of eighth grade

and the harder text’s readability level is thirteen. The variable ACT is the American

2 The Econometrics Toolkit, Version 3, is a general statistics and econometrics
software package, Econometric Software, Inc., 2nd ed, William Green, Macmillan Pub-
lishing Co., 1993.
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College Test (ACT) score for each student. CLASS is the student class standing,

This variable is a dummy variable with “0” entered for a freshman or sophomore
student and “1” for an upper-class student. SEX is a dummniy variable which sep-
arates the students participating in this study by gender. A “0” is entered for males
and “1” for females. MAJOR is a dummy variable which denotes the students’
majors in college as being business, “0”, or nonbusiness, “1”. The last variable,
high school size, is also a dummy variable and enters a “0” for those students grad-
uating from a class of up to three hundred, or enters a “1” for those graduating from
a class of over three hundred.

Total gain, or TLGN, is the composite mean improvement score of the narra-
tive, quantitative, and graphical sections. In the mitial regression model, y is assumed
to be linearly related to the demographic data according to the following model:

TLGN = B0 + BIINDEX + B2ACT + B3CLASS +B4SEX + BSMAJOR +

B6SIZE + error

R o0 Analvsi
Table 3 presents the initial results of the regression analysis. The fit of
the regression is poor, as indicated by the R? of 0.19768, but the global F-test of

2.3406 is significant at &=.05 level of significance. This indicates that at least

one model coefficient is statistically significant.
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Table 3
Estimated Initial Equation for Mean Information Gain (TLGN)

. Coefficients (t-
Variable value) P-Value
Constant 4.843 .084
(1.725)
INDEX -201 215
(-1.241)
ACT .044 .684
(.407)
CLASS 2.941 .001
(3.337)
SEX -1.563 049
(-1.968)
MAJOR -.091 925
(-.094)
SIZE -476 .636
(-474)
N 64
Std.Err. 3.3794
R? 0.19768
Adj. R? 0.11322
F-Test 2.3406

All the coefficients except CLASS and SEX were statistically insignificant at
=05 level of significance. To determine if the other variables should remain in
this model, another regression was run restricting INDEX, ACT, MAJOR, and
SIZE to “0”. For testing these restrictions, the F-value was 0.2941 and was not sig-

nificant at =.05 level of significance. The null hypothesis could not be rejected,
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Table 4
Ordinary Least Squares of Mean Information Gain (TLGN): Restricted
Model
. Coeflicients (t-
Variable value) P-Value
Constant 3.452 .000
(5.79)
CLASS 3.149 .001
(3.297)
SEX -1.563 .054
(-1.930)
N 64
Std.Err. 3.3003
R? 18112
Adj. R? 15427
F-Test 6.7459

and it was concluded that INDEX, ACT, MAJOR, and SIZE do not belong in the

model. The final model was run with j-ratios corrected for heteroscedasticity and

the data are presented in Table 4. The global F-test of 6.7459 is significant at the

P=0.00 level of significance. The results in Table 4 indicate that the upper-class

students tend to gain more information than the freshmen or sophomores, and that

male students tend to gain more mformation than female students, given any read-

# Robert S. Pindyck and Daniel L. Rubinfeld, Econometric Models and Economic
Forecasts (New York, NY: McGraw-Hill, Inc., 1991), p. 48, and 127-128 defines heterosce-
dasticity as an error term with a changing variance. When heteroscedasticity is present, the
ordinary least-squares estimation places more emphasis on observations with larger variances.
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ability level. But notably absent from the model as a statistically significant explan-

atory variable is textbook readability index.

Chapter Summary
One primary and two secondary null hypotheses are set forth in this

study. The primary hypothesis states that no significant difference is found in
cognitive gain when the mean score improvement of students reading the easier
book’s narrative section is compared to those reading from the harder book.
The two secondary hypotheses state that there will be no significant difference
between pretest énd posttest mean score mformation gain in both books for the
quantitative and graphical sections.

To test these hypotheses, the study participants were required to complete a 24-
question multiple choice pretest. There were eight questions each for the narrative,
quantitative, and graphical sections. Afier reading selections from the assigned texts,
the students took the same exam as a posttest. The difference between the pre-
test and posttest was the information gain. The average of the mean score im-
provement was calculated for each group and the statistical significance of the
score difference was measured utilizing standardized t-distribution tests. The t-
tests indicated that no significant differences existed in the narrative and graphi-
cal sections. This resulted in acceptance of the null hypothesis and rejection of

the alternative hypothesis that readability index values are indicators of poten-
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tial cognitive achievement. The quantitative section, however, did prove to be
statistically significant. The null hypothesis was, therefore, rejected. Thus, for
the quantitative section, readability index values are suggestive of potential
information or cognitive gain.

An Ordinary Least Squares regression model was also employed to explore
the interaction between student demographic characteristics, readability, and
cognitive gain. Of the six demographic variables presented as candidates for
the model, only sex and class standing proved to be statistically significant.
Notably rejected as a statistically significant explanatory variable was the text-

book readability index value.

SR ——— — .
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Chapter IV

STATISTICAL ANALYSIS OF DEMOGRAPHIC DATA

nalvsis of Student D hic T
As noted earlier, students also provided demographic information. These
data were used in Chapter 3 to explore the feasibility of developing a Least
Squares regression model to show the interaction between student demographic
characteristics, readability, and total cognitive gain. In this chapter, those demo-
graphic characteristics are tested one by one and section by section against read-
ability using the pre- and posttest procedures. Thus statistical comparisons are
made of the difference between pre- and posttest scores as they might be influ-
enced by class standing, sex, major, college math courses, and ACT score. In
addition, the size of high school graduating class, study of economics in high
school, and the year of high school graduation are analyzed to ascertain if any

significant difference might exist when sections from the two textbooks are read.

\nalsis Based on Class Standi
Student performance based on their classification was divided into two

categories: Freshman/Sophomore and Upper Level. These two groups were
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then compared using the format explained before: narrative, quantitative, and
graphical sections. Then t-tests were used to evaluate mean score improvement.

The results follow in Tables 5 and 6.

Table 5

Test of Differences Between the Pretest and Posttest Scores for
Freshman/Sophomore Students

Book Group N Mean Var. PSD df t

Narrative
Easy 29 1.069 5.067 2050 59 -814
Hard 32 1.500 2.250
Difference 431

Quantitative
Easy 29 1.586  3.823 1.827 59 2320
Hard 32 500 2903
Difference 1.086

Graphical
Easy 29 .621 2316 1.556 59 .613
Hard 32 375 2.563
Difference 246

All standard deviations are reported from pooled data.
PSD = pooled standard deviation df = degrees of freedom

For the Freshman/Sophomore group in Table 5, the numerical difference
of .431 for the narrative section was not statistically significant. The calculated

t-value was -.814. With 59 degrees of freedom the critical t-value 1s 2.001.
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Since -.814 is less than 2.001, there appeared to be no statistically significant
difference between the easy book and hard book groups' information gain.

The graphical section also revealed a statistically insignificant cognitive
gain difference. Comparison of the calculated t-value of .613 with a critica