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SUMMARY

THE READABILITY OF TEXTUAL MATERIALS IN BIOLODGY

WILLIAM SAMUEL GRAHAM

MASTER OF PHILOSOPHY 1981

The study was primarily concerned with the readability of textual
material used by fourth form, '0' level ability pupils, The techniques
used to measure readability can be divided into twoi=

first, traditional measures (Fry's Graph, cloze procedure, subjective
judgement) and second, methods of determining readability based on a
psychological model of comprehension,.

The traditional measures were applied to two texts from a textbook
by D.G. Mackean and to two versions of the same texts which had been re-=
written so as to modify the language in the direction of increased
readability, It was concluded that the two modified texts were easier
to read with understanding. However, the measures did not agree as to
the level of difficulty of each passage and reasons for this are discussed.
The three traditional measures were critically evaluated and it was concluded
that their reliability and even their validity is open to question; a major
criticism being their limited consideration of psychological theory.

The goal of the final part of this study was to match a rank order
of difficulty for the four texts based on evidence from the traditional
measures, with rank orders of difficulty produced by measures based on a
psychological model of comprehension, Features of the text (number of
propositions per 100 words, number of arguments per propesition) did not
predict the expected rank order and further research is required to identify
other determinants of reading difficulty. However, an index of reading
time and recall successfully predicted the expected rank order., It uwas
concluded that in biology, where the language of a text is not the only
important determinant of reading difficulty, this index should be adopted
" as a new measure of readability.
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Qutline and content of the study

There is a growing interest in the relationship between language
and learning in science education concerning generally the language
used by teachers and in particular the demands made on pupils by
textual material, The potential value of textual material depends
on at least three groups of factors: the ability of the pupils to
read and understand; the method of presenting the text within a
lesson; and factors associated with the text itself. While the
first two areas will be referred to in the present study, it is the
third group of factors on which attention will be focussed. The
factors associated with the text itself affect what is generally
described as the 'readability' of a passage.

Readability was chosen as an area of study for three main reasons:

(1) Practical experience in the classroom has indicated that many
pupils have difficulty understanding the textual material that

is available to them.

(2) Despite the widespread use of conventional methods of measuring
readability, the accuracy and even the validity of many of these
technigues have been questioned; a major criticism being their

limited consideration of psychological theory.

(3) An examination of the psychological research literature suggested
a number of techniques, which in spite of claims of educational
relevance, have not yet been fully assessed as measures of

readability,

The study will report on four areas of research,

The first area of research was to predict the difficulty of a
sample of texts taken from five typical biology textbooks using a
readability formula, This established the extent to which pupils
have difficulty with the language of biology textbooks, It also

provided the basis for the selection of two typical passages taken
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from a textbook by Mackean.

The second area of research used a technique known as cloze
procedure to measure the interaction between the reader and text.
The two passages from Mackean were compared with two passages that
had been re-=written in simpler language yet retained similar content.

The third area of research determined the readability of the same
four passages by asking the pupils about linguistic complexity,
understanding of the subject matter and interest. Pupils were also
required to visualise the main ideas in one of the passages and
represent them graphically as a model, A comparison of the models
provided further information concerning the relative difficulty of
the four passages.

The fourth area of research used measures of readability based
on a psychological model of comprehension. These measures were
applied to the four passages and the results were compared with the
data collected from the other three areas of research. The comparison
allowed the author to comment on whether these new measures are likely

to improve the assessment of readability.
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CHAPTER I
THE ASSESSMENT OF READABILITY

1,1 Issues in Educational Research

It is a paradox, that almost all the whole of what is taught in
science courses from primary to tertiary level is research based,
whereas few of the processes by which we teach science have an
equivalent scholarly foundatien (Whitfield, 1979). There are many
reasons for this, notably the relative youth of science teaching
compared to the activity of science itself and the relative delay in
the emergence of disciplines, particularly psycholegy, upon which
measurement of processes must depend.

Psychologists have eften left themselves open to the criticism
that the results of their laboratory experiments cannot be directly or
easily applied to the classroom (e.g. Carroll, 19633 Kintsch, 1974),
The advantages of control and manipulation have meant that experimental
studies have often tended to largely ignore the complexities of what
goes on in schools. It is a sad fact that "educational implications"
often appear as a short section tacked onto the end of a paper.

If we take a look at the history of psycholegy and education, we
find a very different picture to the one prevailing today. Nowhere is
this clearer than in the work of psychologists such as Herbart (1893),
Sully (1886), and Thorndike (1906). For Herbart, education took its
aims from ethicsj whereas psychology was there to show education the
means and hindrances to these aims,. Central to Herbart's psychology
was what one could call a theory of organized thinking. Thinking
implied organization and structure, discrimination between what is
important and unimpertant, a conscious deliberate association of what
belongs together. The goals of instruction was thus not a mere
accumulation of knowledge. Instead instruction was seen as the
complement of experience = it arranges and connects the formless and
dispersed fragments collected by experience. In order to achieve this
Herbart said learning must always proceed from the knouwn. That is,
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children can interpret and respond to a new situation only if they have

a stock of recalled, related ideas., His doctrine known as "apperception"
had a strong impact upon education. It led to the idea of the
curriculum: subject matter organized so that the pupil passes from
familiar to closely related but unfamiliar content.

Today, these ideas sound both commonsense and very moderne. Indeed
one could characterize the efforts of some contemporary cognitive
psychologists as an attempt to reformulate Herbart's theories and to
re—establish them as guidelines for education. This does not mean that
psychologists should, or could ever tell educators what to do. The
psychologists' job is to state the laws that education must use to
achieve its own ends, "Education", said Sully (1886), "needs continually
to revert to psychology" (p.l17).

Thorndike has probably had the greatest effect on psycho-
educational thinking this century. Thorndike (1906) believed there
were two main ways in which psychology could help education become more
efficient, First, particular teaching methods could be rigorously
evaluated by using the results of teaching (e.g. test scores, answers
to comprehension questions). Second, teaching methods should be
consistent with the child's nature and the laws of learning. Education
and psychology are closely related because these laws of learning are
supplied to education by psychology. According to Thorndike (1906):

"To change what is into what ought to be, we need to know the laws by
which the changes occur" (p.60).

From Herbart to Thorndike there has thus existed a well=-
articulated programme for the co=—operation between psychology and
education, Yet educational research, instead of being based on
psychology, has become empirical, data rich and theory poor (Kinmtsch
and Vipond, 1979). Teachers are at fault because they are often too
“"achievement orientated" (Williams, 1960). McDonald (1963) suggested

that, while psychologists should try to relate their work to the
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classroom, it was also up to teachers to become more like experimental
psychologists themselves, carrying out small experiments rather than
relying on commonsense. The value of the small-scale experiment is

that there is no one "best methed" of learning for all occasions and

that the complexities of the classroom can best be examined by controlled
experiments on specific situations, especially if the teacher takes into
account actual classroom practice (Carroll, 1963).

Control is obviously vital in educational research; for example,
experimenters who wish to emphasise factors such as sentence length or
word concreteness (e.g. Stromnes and Nyman, 1974) construct very
different passages to those who wish to avoid the effects of prior
knowledge on comprehension (e.ge Rohwer and Harris,llg75). Faced with
the problem of studying a single variable, experimenters can be in
danger of creating "artificial" conditions which make any claims of
educational implications less valid. Hence the importance of various
factors needs to be assessed using "real" materials and their target
audience as the subjects. This issue of educational relevance is one
which affected each stage of the design of the present study.

Teday there is a resurgence of interest on the part of both
teachers and psychologists. An example of this trend can be seen in
the increasing number of contributions concerning the "science of

teaching science" in educational journals such as the "School Science

Review",

The present study described a line of research potentially useful
for solving a practical educational problem; that of readability. A
model of text comprehension based on modern psychological theory might
provide us with some interesting insights into this long-standing, important,
and recalcitrant applied problem, The rest of this chapter describes
the traditional approaches to readability and discusses the reasons why

readability is of considerable practical significance to education.
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1,2 The assessment of readability

a) Definitions of readability

Readability has been variously defined, but the two typical
definitions given below indicate the essential attributes which are
usually included.

'The quality of a written or printed communication
that makes it easy for a given class of persons to

understand its meaning or that induces them to
continue reading.' (English and English, 1958).

'In the broadest sense, readability is the sum total

(including interactions) of all those elements within

a given piece of printed material that affects the

success which a group of readers have with it. The

success is the extent to which they understand it,

read it at optimum speed, and find it interesting.'
(Dale and Chall, 1948).

The most frequest and heavily emphasised element of readability
has been comprehension which is of major relevance to education.
Comprehension is very hard to define because it is not a label or
description of anything that the reader actually does; it is a
statement about how well the thing is done. Lunzer et al (1979)

= defined comprehension in the following way:

'To penetrate beyond verbal forms of text to the
underlying ideas, to compare these with what one
already knows and also with one another, to pick
out what is essential and new, to revise one's
previous conceptions,'

The textual material needs to be in a form from which we can
comprehend the meaning of the words, sentences and passages. Only
then can we appreciate the intention of the writer and succeed in
relating his message to the larger context of our own system of
knowledgs.

The second attribute usually included in definitions of readability
is optimum reading speed. This emphasises the perceptual aspects of
reading such as the ease with which letters can be identified. It
relates to primary reading skills, i.e., the skills needed in learning to
read and their relationship with the syntactic complexity of the text.
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Interest and motivation is the final element to be included in
most definitions of readability. It is an aspect of readability which
has come te be regarded more and more seriously by researchers. A child
who is not a good reader can often surprise its teacher by reading and
comprehending difficult texts. This eccurs when the child is enthusiastic

about a particular topic and motivation is high.

Factors influencing readability

There has been a leng and sustained interest in the assessment
of the effectiveness of the spoken werd. Klare (1963) reports cases of
19th Century educationalists who related counts of veocabulary and familiar
words to reading difficulty. Their investigations can be thought of as
being the first objective attempts to measure the difficulty of texts.

The beginning of this century saw the development of readability
formulae which incorporate textual factors that can be easily measured.
Later develepments of the formulae were due to the changing aims of
educators and the demands of the people using the formulae (Klare, 1963).
These later formulae were devised to deal with the characteristics of
particular kinds of reading material such as the level of abstractness
in a passage (Gillie, 1957).

More recently, methods such as charts and sentence completion
procedures have stimulated new interest in the measurement of readability.
The most recent influence on understanding reading comprehension comes
from the academic disciplines of cognitive psychology and artificial
intelligence (computer simulation of mental processes). In these areas
(e.g. Anderson, 1977) reading comprehension is viewed as a process subject
to the same constraints as the human memory and problem solving. In fact,
even as early as 1908, Edmund Burke Huey believed that if we could
understand reading we would understand the mysteries of the human mind.
Current research will permit a more coherent and theoretically supported
approach te the practical problems involved in measuring reading

comprehension,



(1)

The factoers which influence comprehension can be conveniently
separated into two categories - factors associated with the reader and
factors associated with the text. The factors associated with the
reader refer to things such as linguistic competence, interest and
motivation, The outside factors fall into two categories - the elements

on the page and the qualities of the reading environment,

Factors associated with the reader

Linguistic Competence

When a child learns language, it learns three systems:
phonolegical, semantic and syntactic.

The phonolegical system includes knowledge of the different
phonemes (individual sounds) in the language and knowledge of how they
are blended together to create words., While phonological knowledge is
a prerequisite to comprehension, once developed, it does not seem to
play so major a role in comprehension as do the syntactic and semantic
systems (Pearson and Johnson, 1978).

The syntactic system refers to the orderly arrangement of words
in sentences. A child's knowledge of syntax is remarkably sophisticated
by the time he or she enters school.

Semantic knowledge refers to knowledge of word meanings, that is,
the concepts that underly the labels we call words. It also includes

our knowledge of the relationships between words. Fer example, dogs

are mammalsj dogs have ears; dogs do barkj; dogs and cats are both

pets.

Of the three aspects, the semantic system is thought to be the
most impertant. Later in the study there will be further discussion of
how the semantic system works in comprehension, However, it is worth
noting that the cleser the match between the syntactic and semantic
information in a text and in the reader's mind, the greater the likelihood

that the text will be understood.
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Interest and Motivation

A pupil is more likely to understand a passage better if he or she
is suitably interested in the topic. Indeed, the research suggests
that students comprehend better when they read passages that are of
interest to them (Shayer, 19693 Estes and Vaughan,1973). Unfortunately,
there is little detailed or systematic research on the effect of interest
on comprehension which has isolated the influence of prior experience.
That is, whether students better comprehend high interest rated topics
because of their motivational value or because the students know more
about those topics. There have not been many attempts to define and
quantify the degree to which a given text is compelling to a given
reader. The simplest measure of interest is by subjective report.
Asking the reader can be a helpful indicator of interest but its reliability
is highly suspect (Carrell, 1972).

Motivation is in the reader, but external factors such as
incentives and reinforcers will influence the attitude adopted towards
a passage. As a somewhat negative example, fear and anxiety can improve
comprehension scores: when a subject knows that he or she is to be
tested, performance is sometimes beneficially altered (Thompson, 1976).

Interest and motivation are probably the most important aspects
of readability, but they are also the least tractable. Harrison (1977)
considers interest to be a particularly important factor to take into
account when choosing textbooks for schools. However, the sub jective nature

of interest does not permit the teacher to make accurate predictions.

Reading Ability

It is almost tautological to say that the more reading ability
one possesses, the better one will comprehend. The generalization
can in part be explained by the notion of "automaticity". La Berge
and Samuels (1973) use ‘automacity' to describe the fact that some
readers are able to achieve word identification automatically while
others struggle with words as they read. Their contention is that
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a novice or less-able reader will devote much of his or her attention
to word identification having little attention for processing the
meaning of the message. Hence comprehension is minimal,
Comprehension is easier if the words can be read accurately and
automatically but reading the words is easier if the message can be
understood. In short, there is also svidence that context can help
to short circuit the amount of attention required to read the print

(Pearson and Studt, 1975; Tulving and Gold, 1963).

(ii) Factors associated with the text

Legibility
In contrast to interest and motivation, research into legibility
of print has been undertaken on a relatively large scale. Legibility
can be defined as:
'The ease and accuracy with which meaningful written

material is perceived and comprehended.'
(0.u. P.E. 231).

A study of legibility would need to consider how factors such as the
following, affect 'ease and accuracy',
a) Type face choice.
b) Length of line, type size, spacing between lines (all
interconnected).
c) Spacing between letters and between werds.
d) The use of capital letters as opposed to lower case. The
use of bold type, italic type or underlining for emphasis.
e) Margins = their width and position,

f) Colour of type and colour or tone of paper.

Concise reviews of how these factors affect legibility have been
written by Gilliland (1972) and Watts and Nisbet (1974). Both revieuws
point out that much of the research has produced inconclusive results,

due to poor control over the many variables being studied, The most
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useful work has concentrated on a small number of variables.

Carrick (1978) lists information about the print used in a
number of '0' level biology textbooks, All of the books employed
small print for labels and some other parts of the books, and this may
pose problems for poorer readers in the class, Most used italics or
bold print for emphasis of important ideas.

It is recognised that the legibility of a text is important
but it was not included in the present study for the following reasons,
Firstly, control of many variables is outside the sphere of influence
of teachers., All the texts examined in the present study were already
in use. Secondly, recent developments do net have the same application
to readability measures as others mentioned in this review, Thirdly,
the technical nature of the forms of measurement of such perceptual
processes as visual acuity and saccadic movements involved in legibility
means that they cannot be readily utilized. Fourthly, there is no
ready-made procedure for assessing the general legibility of a text.
Indeed there is little agreement about the importance of various factors
which affect legibility. If an accurate assessment of legibility
of children's texts is to be made, tests need to be carried out on the
varieties of print which resembles those which they encounter. If a
significant number of children were found to be less skilful in making
certain kinds of discrimination, the problems could be identified and
ways of overcoming them studied: but because of the absence of research

in this area, it is not known whether there is a problem or not.



Language
It is perhaps inevitable that the study of language should

provide so many variables. More than 150 factors have been examined
and found to be related to reading difficulty (Gilliland, 1970).
Luckily, most of the variables can be grouped into those acting at
word, sentence and beyond the sentence levels.

WORDS . Attempts to characterise difficult versus easy words
have concentrated on word frequency, word length and abstractness.
Words differ in terms of how commonly they are used in the language.
"The" is the most common word in the languagej while "ubiquitous" is
less common, There is good evidence that people have more difficulty
understanding passages composed of infrequently used words. Frequency
counts based on word lists such as those compiled by Thorndike and Dale
give us a simple estimate of readability., However, Gilliland (1970)
suggests that a frequency count does not reflect the word frequencies
peculiar to an individual which leads to an inaccurate estimation of the
level of comprehension,

The length of words has been incorporated in many measures of
readability because of its ease of calculation (often as the number of
syllables) and its acceptable level of reliability., MclLaughlin (1969)
uses a polysyllabic count as the sole variable for his formula but it
has not been widely accepted.

Some words have concrete referents in the world: dog, cat, pig.
Others have guite abstract referents: leve, pity, shame, There is
evidence that readers have more difficulty selecting the meanings of
abstract words (Greiling, 1973) and that they have more difficulty
understanding text that has many abstract words (Thorndyke, 1977).

No completely acceptable method of measuring abstraction has been
devised though there have been a number of attempts (e.qg. Flesch, 19503

Gillie, 1957).
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SENTENCES. There is an impressive body of evidence to suggest
that longer sentences and more complex sentences tend to appear in
passages that people have difficulty understanding. Conversely,
shorter and simpler sentences tend to be associated with passages that
are easy to understand (Bormuth, 1966). But the problem with short
simple sentences is that they may not make the relationship between two
ideas clear and explicit. For example, the sentence: "The peasants
revolted because the king raised taxes" can be simplified to become
"The king raised taxes, The peasants revolted." but the cause-effect
relation between the ideas has become less explicit,

At the sentence and word levels of reading difficulty most
measures have been expressed as formulae which predict a reading grade
(e.q. Mugford, 19723 Flesch, 19483 and Gunning, 1952)., They do not
take into account the order of words in a sentence although some
interesting work by Yngve (1960) provides a method., A detailed
consideration of formulae can be found in Chapter 2.

BEYOND THE SENTENCE. Several theoreticians (e.g. Rumelhart, 1975)
have developed story grammars that are analogous to sentence grammars.
There appear to be some particular story structures that create more
difficulty than otherse. For example, passages that proceed in a more-or-
less cause-effect fashion appear to be more comprehensible than those
which are characterized by detail without strong causal links between
the ideas in the stories (Therndyke, 1977).

Recent studies (Bransford and Johnson, 19733 Thorndyke, 1977)
have verified what English teachers have been recommending to pupils for
decades, that providing a statement of the theme at the outset of a
passage increases comprehension and memory of the passage.

Such findings suppoert the work of Ausubel (e.g. 1960) who claims

that "advance organizers" facilitate comprehension. An advance

organizer is a summary statement of the more general set of concepts
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that will follow in the text. The rationale is that advance organizers
help a reader to tap appropriate information in his or her head =
information that will facilitate comprehension of the new data in the
passage. Yet as is often the case in educational research, there is
another body of counter evidence (e.g. Capponecchi, 19733 Feller, 1973)
suggesting that they do not help at all.

Writers often use tables, graphs, diagrams and pictures based
on the adage that a picture is worth a thousand words, Bransford and
Johnson (1973) have provided a clever demonstration of how a picture
can make an otherwise nonsensical passage completely reasonable and

comprehensible.

Reading Environment

It is a depressing fact that the home environment can influence
comprehension. The language and concept base that a pupil brings to
the printed page are critical if one regards comprehension as a direct
function of prior knowledge.

In the classroom, the physical and the emotional environment will
influence the reading comprehension of pupils. The influence of
teachers can be positive by e.g. promoting curiosity but can of course
be negative by threatening punishment for failure.

The factors mentioned here have a general effect on learning and
achievement and, hence, on reading comprehension, but to exclude them

would have been inappropriate in a section on reading comprehension.
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c¢) Conclusiens

In sum, the study of readability involves the consideration of
an alarming number of variables, ranging from a pupil's motivation to
the number of syllables in a 100 word passage. Only some of these
variables have been incorporated into conventional measures of
readability, while the most frequently gquoted and widely accepted
methods are based upon an analysis of only a feuw easily identifiable
aspects of the text.

The various measures even reflect in some way the aspects of
readability which were considered earlier. Readability was seen to
involve: (1) ease of reading; (2) interest and motivation; and
(3) ease of understanding. To some extent these three aspects have
been considered as alternatives and as a result each measure reflects
only one of them.

When referring to ease of reading, readability has come to be
measured by word recognition speed, error rates, number of eye fixations
per second and other variables which relate to primary skills (Spencer,
19693 Tinker, 1965), Defined as interest or motivation, readability
has been measured by subjective assessments, often based on questionnaires.
Finally, when readability is referred to as ease of understanding,
measures have usually incorporated characteristics of words and sentences
in a formula,

None of the measures take into account all the ingredients that
affect the readability of a passage. For example, the conceptual
difficulty of a passage could greatly affect the pupil's comprehension.
Moreover, the variables are almost certain to interact and only large-
scale experiments such as those sponsored by the Schools Council can
examine more than a few of them at one time. It is also regrettable
that many of the criteria used in determining readability are not
comparable since they reflect different reading skills (cilliland,

1972).
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Thus, while speed of word recognition is an element affecting
ease of understanding it cannot be directly compared with a measure
of comprehension based on question and answers. There is houwever,

a technique described as cloze procedure (Taylor, 1953) which provides
a global measure to which all readability variables contribute.

Cloze procedure involves the deletion of a number of words at
fixed intervals, Subjects are then asked to complete the passages and
the number of correct responses is scored. A high score can be
regarded as indicating that a passage is more readable than a passage
on which lower scores were obtained (Taylor, 1953),

Gilliland (1970) considers the advantage of cloze procedure to
be that it uses the readers for whom readability is being measured.

To date, it is the measure which most adequately reflects the elements
of readability as definmed by Dale and Chall (1948) but others have
their reservations about this technique (e.g. Carroll, 19723 Carver,
19733 Neville and Pugh, 1974). Moreover, although the technique

is quite widely used in experiments, it appears to be quite rare in
schools, even though it has several practical advantages such as ease
of preparation and simplicity in scoring, which are likely to make it

of interest to teachers.
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1,3 Readability as an educational problem

"In the eyes of the vast majority of biolegists

the time factor was finally ousted from the arena
of evolution by the concept of the generation,
which, in addition to its original meaning of a
step in the pedigree covered by eone individual from
its birth to the birth of its offspring, acquired a
chronological significance.”

There are few people who would not have some difficulty making
sense of the opening quotation (Flood, 1958). This point could have
been made quite adequately, but much more simply, by saying that when
modern biologists discuss evolution they prefer to talk about "generations"
rather than "years". Difficulties of this sort permeate textbooks
turning science into a subject potentially too difficult for many
children, If the materials used are within the grasp of the children,
they will make sense out of what they read, will profit from reading,
and will be interested in reading again. However, if the materials
cannot be comprehended, children will become frustrated, turn away from
reading, and concern themselves with more profitable enterprises. So
teachers are continually faced with the problem of choosing material
appropriate to the needs of a group of children,

There has been a growing interest in language in science education
culminating in the report of the Bullock Committee (1975) and more
recently the Schools Council Project, "The Effective Use of Reading"
(Lunzer and Gardner, 1979). The Bullock Report was concerned with

language across the curriculum and stated that:

'All subject teachers need to be much more aware of
the linguistic demands their specialisations make
upon pupils.' (para.20.12).

If the policy of language across the curriculum is to be developed an
understanding of the potential and the problems arising from the
reading demanded of the pupils is necessary. The contribution that

readability could make in science has been pointed out by Gilbert (1973):
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'By being able to effectively read the materials
presented (by the text) students will be more
able to associate the direct experience of
experimentation with the vicarious experiences
of reading, thereby developing strong meaningful
relationships."

On the whole, scientists have been reluctant to question the
language of their subject which has evolved through centuries of
experience to meet their special needs. Rosen (1967) suggests that
two assumptions about this kind of language are prevalent. First, it
is thought many pupils will never be able to acquire it so that no
special steps need to be taken to help them to do so. They should be
trained in the 'practical' uses of language. Secondly, when pupils
are thought to be suitable subjects for advanced learning, it is
assumed that such difficulties as they encounter will be of some pure
intellectual kind and that language will look after itself. The problem

does not exist (Savory, undated):

'Science textbooks are only exceptionally written in

prose of the highest quality, and more often they

are written in prose that may be described in

contrary terms, yet the students who use these books

do not in fact find them difficult to understand,

They may be strange, because they deal with unfamiliar
matters; they may be voluminous, making great demands

on the memorys but they are not as obscure, even to

the inexperienced reader, as the so-called average man is led
to believe.'

Most work on the language of science has concentrated on the use
of technical vocabulary. (e.ge. Evans, 19763 Flood, 19583 Gardner, 19723
Rosen, 1972.) Knowing a subject's technical terms is a pre-requisite of
understanding it, as hierarchial schemes of educational objectives
demonstrate. Lewis (1965) in his review of literature on science
objectives assigned "knowledge of terminology" to a position of primary
importance., Although the development of intellectual ability and
skills are generally considered to be more important than merely adding
to knowledge, it has now become evident that there can be no such

progress until at least some facts and terms have been mastered.
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In a series of studies, Evans (1973, 1974a, 1974b, 1975, 1976)
has examined the technical vocabulary of textbooks. There was great
variation in the use of technical terminology, but in general the more
concise the textbook, the more specialised words were employed. Evans
advocated careful exploration of new terms since elementary textbooks
may be used by pupils without assistance from a teacher. His articles
do not assess ths difficulty which technical vecabulary presents for
pupils, In Gillard's study (Gillard, 1975) of textbooks, pupils, when
asked to list unfamiliar words in typical passages of biology, chemistry
and physics books, selected most words from chemistry and fewest from
biology books,

Concern about technical vocabulary has led to the development of
lists of ‘tore words' (e.g. Flood, 1957) but publishers seem wary of
controlled vocabularies for '0' level textbooks (Pinnock, 1977).

Evans (1976) points out that synonyms (e.g. auricle/atrium; scapula/
shoulder blade) serve no useful purpose and are the cause of real
confusion, A code is required so that only one of the words is used
and the others discarded.

Many teachers are aware that technical terms are an important part
of language; but the work of Barnes et al (1969) demonstrates how they
often fail to perceive that other aspects of language play a part in
learning. Barnes and his co-workers cite examples from biology lessons
recorded on tape where the teacher is so concerned to impart the
technical vocabulary that he or she fails to see that the pupils cannot
understand the subject matter. 'The biological terminology', they write,
'seems to take a value of its oun'.

Does the language of science texts match the linguistic competence
of the pupils? Barker (1977) suggests that the language in textbooks
available in most schools may be more advanced than the majority of

pupils can readily understand. Publishers sometimes try textbooks in
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manuscript stage in a wide range of schools, using pupils of the
appropriate age and ability. The feedback obtained from the schools
gives a guide to the suitability of the book (Grieg, 1977). fat
matching a book to a child can hardly be reliable when based upon
comments such as "for pupils aged twelve to sixteen years", Personal
reading offers some basis for judgement, but the unreliability of
subjective estimates in many spheres has been established (Chall, 19583
Klare, 19753 Harrison, 1979).

The use of combined judgements has also been tried in the
assessment of readability. Moyle (1971) lists two studies involving
the grading of books by committees of experienced teachers. The results
of these studies show a pattern typical of assessment by panels - the
grading done by committees is much more consistent than by individuals
but this improvement in the consistency of judgements is only relative,
since the studies reported above have demonstrated the unreliability and
inconsistency of even expert judgement. One would not want to infer
from this, however, that anyone is suggesting that teachers are wholly
incapable of choosing suitable material for their students to read.

It is rather that the unreliability of subjective assessments should
lead to the utilisation of other objective methods employed for the
conventional measurement of reading comprehension,

The small number of objective assessments of biology text that
have been made, confirm the view that they are too difficult. (Carrick,
19783 Gillard, 19753 Gould, 19773 Graham, 1978.) Some of the
studies used a traditional approach to readability assessment by using
a formula (e.g. Carrick, 1978). It is arguable, however, whether this
measure can be regarded as adequate in the light of more recent linguistic
analyses (Gilliland, 1970). Other studies measuring the readability of
biology texts have been based on cloze procedure (e.g. Gould, 1977;
Graham, 1978) but their approaches to a solution of the readability

problem were limited in scope, Moreover, as stated earlier, there
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have been reservations about the assessment of texts by the cloze
technique (e.g. Carroll, 1972; Carver, 1973; Neville and Pugh, 1974).

To sum up, it is clear thét there is growing anxiety about the
guality of textual material in biology and concern that the readability
measures which have been used are not adequate, In a society becoming
increasingly aware of the necessity for efficient and pleasurable
communication through print, the control of difficulty of comprehension
is critical, particularly in educational situations. The first step in
the present study was to determine the extent to which biology texts

could cause difficulty.
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Summarx

The first chapter began with a look at issues in educational
research, It was arqued that educational research should be based
on sound psychological theory if it is to be educationally valid.

Such research also has to take into account not only the control and
manipulation of variables but also the reality of the classroom.

It was proposed that a model of text comprehension based on medern
psychological theory could have implications for the assessment of
readability,

The concept of readability was defined and the factors which
influence readability were reviewed. These factors were conveniently
divided into: those inside the reader - linguistic competence, interest
and motivation, reading ability; and those outside the reader -
legibility, language, reading envircnment, The traditional approach
to the assessment of readability has been through the production and use
of formulae. More recently, alternatives such as cloze procedure have
been used to improve the assessment of readability.,

The remainder of the chapter reviewed the evidence that readability
is an educational problem. More specifically it was claimed that biology
texts are generally too advanced for the majority of pupils who use them.
However, the extent of the problem has not been fully researched, while
the procedures and even the validity of the readability measures that

have been used are open to question,.
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CHAPTER II

A PRELIMINARY SURVEY OF BIOLOGY TEXTBOOKS

Introduction

In Chapter I, it was pointed out that many educationalists and
teachers consider the language of many biology textbooks to be too
difficult, This difficulty is providing a barrier to reading
comprehension and thus learning (e.g. Gilbert, 19733 Mallinson, 19583
Rosen, 1967). Moreover, these reports support the author's classroom
observations concerning the interaction between pupil and his or her
textbook, However, it must be noted that subjective jusdgments can be
unreliable (Harrison, 1979). The simplest alternative is to use a
readability formula which provides an objective index of the prose
difficulty in a textbook.

Objective surveys of biology textbooks using readability formulae
are limited in number but do seem to confirm that the language presented
can be too difficult (Carrick, 19783 Gould, 1977)., There are three
reasons why it was decided to apply a readability formula to some commonly
used '0' level and 'CSE' biology textbooks. First, there is doubt
concerning the reliability of sampling procedures in previous studies.
Secondly, there is no information concerning the variability of reading
difficulty levels across pages within biology textbooks, Thirdly, the
results would provide the basis for the selection of test passages to be
used in later stages of this study.

The first part of this chapter is a general review of some
readability formulae and then more specifically a method known as Fry's
Readability Graph is described.

The second part of this chapter reports on the application of
Fry's Readability Graph to passages taken from five commonly used '0O'
level and CSE biology textbooks. An optimum sampling method is established
and the implications of the results are discussed. The chapter finishes

with criticisms of readability formulae and an alternative measure of

readability is suggested. 21



2.1 Readability Formulae

Readability formulae are the most frequently used and most widely
accepted measures of readability. They are concerned with a narrower
concept of readability related to linguistic variables, Readability
formulae give warning of potential difficulties by predicting a reader's
reaction to the fairly broad areas of vocabulary and syntax complexity.

Many measures of this type have been put forward, Klare (1963), in
a thorough survey of readability formulae, lists thirty-one established
procedures, and admits that others exist which were not listed
specifically. To this list must be added other formulae published since
that date. A selection of typical and popular formulae can be found in

Table 2.1.

Table 2.1 Some examples of readability formulae.

1., Dale and Chall (1948)

XCED = U.lS?Qxl + 0,496 x2 + 3.6365

XCSO = reading grade score of pupil who can answer correctly
one half the McCall Crabbs test questions on a passage,

Xl - percentage of words outside the Dale list of the 3,000
words familiar to at least 80% of 9 year olds.

Xz - average sentence length.

2. Farr - Jenkins - Patterson (1951)

New Reading Ease Index = 1,599 ¢ = 1,015 sl = 31,517
s = number of one syllable words per 100 words
sl - average sentence length

3. Flesch (1948)
Reading Ease (RE) = 206,835 - 0.846 wl = 1,015 sl
wl - number of syllables per 100 words

sl - average number of words per sentence

- 2D



4, Gunning's FOG formula (1952)

Reading Grade Level = 0.4 (sl + ps)
ps - percentage of words with three syllables or more

sl - average sentence length

S5 MclLaughlin's SMOG formula (1969)

Reading Grade = 3 + p
p = number which is the nearest perfect square to the number

of three-or-more syllable words in thirty sentences

6. Powers, Sumner and Kearl (1958)

Reading Grade = B8,4335 + 0,0923 s1 + 0.0648 s
s - percentages of monosyllables
sl = average sentence length

A number of workers such as Klare (1963), Stokes (1978) and
Harrison (1979) have investigated the reliability of many of the
readability formulae. Harrison found the Dale - Chall (1948) word
list to be the most accurate in predicting difficulty but it is also
the most cumbersome to use. Each word has to be compared against a
list of 3,000 words compiled by Dale. In addition there are nearly
thirty rules giving details of how suffixes, irregular verb forms,
abbreviations and proper nouns are to be treated. In the context of
this study it has two further disadvantages; namely that the words in
the list are American rather than English and general rather than
specialist., Brown (1965) hypothesizes that when applied to science
books, Dale = Chall results would be too high, However, there have been
attempts to revise this formula for science materials (e.g. Holonguist,
1968).

Harrison found the Flesch Index (1948) to be the second best
correlate of difficulty. The index was produced after an extensive
analysis of linguistic variables which are associated with comprehension,

Flesch found that the average number of syllables per word and sentence
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length seemed to correlate most highly with difficulty. The formulae
involves a calculation (see Table 2.1) which results in a reading ease
score from 0O to 100,

Most of the readability formulae were developed in America and
produce a reading grade which is inappropriate for this country. However,
a reading grade can be converted to a reading level by adding five. 115
should be noted that "reading ages" as normally measured by standardised
tests have little meaning beyond a reading age of about twelve, At that
point all the basic reading skills are developed but that does not, of
course, mean that reading development is complete, Experience of a
wider vocabulary and more complex textual material becomes of foremost
importance and it is then normal to speak of a reading level. The
interpretation of Dale = Chall's reading grade score and Flesch's
reading ease score have to be transposed to reading levels using a set of

tables (Table 2.2).

Table 2.2 Tables for transposing Dale - Chall and Flesch scores
to reading levels.

Dale = Chall Formula Score Reading Level (yrs)
4,9 and below 9 and below
5.0 to 5.9 16 te 11
6.0 to 6.9 12 to 13
70 ta 7.9 14 te 15
8.0 to 8,9 16 to 17
0.0 to 9.9 18 to 20
10,0 and above 21 and above
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Flesch Formula Score Reading Level (yrs)

91 to 100 10
81 to 90 11
71 to B8O 12
61 to 70 13 to 14
51 to 60 15 te 17
31 to S50 18 te 21
1 to 30 22 or above

Almost every formula propesed has a word variable and/or a
sentence variable. This reflects the conclusion of researchers that
reading difficulty is centred around factors at word and sentence
levels, Gilliland (1972) suggests that more recent work indicates
that this is an over simplification. A further problem is that both
word length and sentence length can be unreliable as indices of
readability. For example, despite their length, words such as
‘germination' and 'elephant' will be familiar and thus more readable
than 'palp' or 'gene' for the average reader. Similarly, at the
sentence level, a short sentence of unusual structure may be more
difficult to read than a longer, more familiar sentence, Consider
the two sentences quoted by Yngve (1960) in an article concerning
the structure of language:

l, 'If what going to a clearly not very adequately staffed
school really means is little appreciated, we should be
very concerned.' (21 words)

2. 'We should be very concerned if there is little appreciation

of what it really means to go to a school that clearly
isn't very adequately staffed.' (26 words)

Using sentence length as a measure,one might be led to expect
sentence one to be gasier to read and understand than sentence two,
These comments should not be interpreted as a complete rejection of
sentence length as a relevant factor. As longer sentences do tend

to be more complex than shorter sentences, sentence length measures
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reflect the effect of memory span upon readability, To sum up,
Klare (1974/1975) says the evidence is "now quite conclusive" that
both word and sentence variables are satisfactory for predictive
purposes.
Some formulae have been developed using measures of
grammatical complexity such as clause structure, number of T-units
per sentence, or percentage of propositional phrases. Dther formulae
attempt to measure factors such as abstraction in writing (e.g. Flesch,
19503 Gillie, 1957). However, partly because not all teachers are
reliable in terms of their knowledge of English grammar, and partly
because these formulae are complex, they have found less favour
than the traditional formulae. 2
Some readability formulae have been incorporated into tables
and graphs to facilitate the assessment of readability. The case
for tables and graphs is given by Gilliland (1972) who considered
that they have two advantages., First, they require little or not
calculation since the results are related to a set of previously
prepared tables. Secondly, they are an easier and more familiar
technique for preparing and evaluating data.
As yet, few tables and charts have been produced (e.g. Mugford,
1969; MclLeod, 19623 Mclaughlin, 1969 ) and there are few details of
their validity and reliability which are necessary before they can
be properly compared with other measures. An exception is the
Fry Readability Graph (Fry, 19683 1977) which has been found to be
reliable yet is quick and simple to use. Fry's Readability Graph was
chosen as a means of making the preliminary survey of biology textbooks
so greater attention will be paid to this method in the following

section,
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2.2 The textbook survey

Fry's Readability Graph

The measure of readability used in the preliminary survey of
biology textbooks was a graphical method devised by Fry (1968). The
graph and expanded directions for its use can be found in Fig.2.1.

Counte of the average number of sentences and average number of syllables
per 100 words are cross-~tabulated to place the taxt on the curve of
grade levels.

Fige2.1 Fry's Readability Graph

Average number of syllables per 100 words
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For example, a passage with 6.3 sentences per 100 words
and 139 syllablss per 100 words would be given a grade

level of 7 (see dot plotted on graph).

Expanded Directions for Working Fry's Readability Graph.
le Se lect sample passages and count out exactly 100 words each, starting
with the beginning of a sentence. Do not count proper nNouns,

initializations and numerals,



2.

3.

4

Se

6

Te

Count the number of sentences in the hundred words, estimating length

of the last sentence to one decimal point.

Count the total number of syllables in the hundred words, an easy

way is to simply.count gvery syllable over one in each word and add 100.
A word is defined as a group of symbols with a space on either sidej

thus Amoeba, DNA, 1979, and { are each one word.

A syllable is defined as a phonetic syllable, Generally, there are as
many syllables as vowel sounds, For example, Amoeba is three syllables.
When counting syllables for numerals and initializations, count one
syllable for each symbol. For example, 1979 is four syllables, DNA is
three syllables, and @ is one syllable,

Plot on the graph sentence length and number of syllables; the area where
the point is plotted gives the approximate grade level.

To convert a grade level to an approximate reading level, add 5.

Although Fry (1968) advised that an average value should be taken
for only three passages from a book, it was considered desirable in
the present survey to apply the method to a larger sample, since there
could be considerable variation in the syllable and sentence counts,
Carrick (1978) for example, applied Fry's Readability Graph to five
percent of the pages in each biology textbook,

Comparisons with Dale = Chall and Flesch formulae produced high
correlations (.94 and .96 respectively) and led Fry to conclude that the
Readability Graph is equally reliable. Fry's method is based on the
same criteria as the Flesch Reading Ease Formula and Harrison (1974)
concluded that this non-arithmetic aid can be said to give scores which

would be as valid as those obtained from the Flesch formula,
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Methods and Results

In this study, five of the most popular "traditional" school
biology textbooks for the 14 - 16 year old age group were examined,
Table 2.3 names the books, while Table 2.4 gives details of the

publisher's and/or the author's policy with regard to the language.

Table 2.3 Textbook details

No.of
Author/s Title Publisher Date text Level
pages
Beckett, B.S. Biology: a Oxford 1976 294 0
Modern University CSE
Introduction Press
Brewer, C.V. and Life: Form Macmillan 1972 276 O
Burrow, C.D, and Function
Brocklehurst, K.G. A New Biology English 1968 263 @
and Ward, H. Universities CSE
Press
Head, J.J. Science Edward 1976 283 D
through Arnold
Bioloagy
Mackean, D.G. Introduction  John Murray (Gthid) 209 0
to Biology 1973 CSE

0 = Ordinary level of the General Certificate of Education

CSE = Certificate of Secondary Education

After Carrick (1978).
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Table 2.4 Author's and Publisher's comments on language

Author/s Comments
Beckett Publisher: Accounts are "simply worded"
Brewer and Authors: 'for reference...not intended to be read
Burrow page by pagBe..' 'minimum of text'.

Publisher: Clear and concise text.

Brocklehurst Authors: To be used as a 'textbook or for reference’'.
and Ward
Head Publisher: '...highly readable and fascinating book

which will capture the student's enthusiasm'
'...Clear explanations...! 'The author does
not shrink from using correct terminology'.
Mackean Author: '...meant as book suitable for the average
'0' level candidats'.
Publisher: 'pupils reference book' ‘'brevity and

directness primary objectives! ‘'clearly
explained, fully illustrated information'.

After Carrick (1978)

In some cases the publisher or the author has made no clear
expression of intention so they have been omitted from the list.

The survey only sampled passages taken from pages containing
factual information. There are a number of reasons for omitting passages

containing practical instructions or questions:

(i) Practical instructions and questions make up only a small proportion
of the textual material, Smith (1974) has found that in 'Introduction to
Biology' by D.G. Mackean, factual information takes up 45% of the space

in the book while practical instructions and questions take up 3% and 2%
respectively. The remaining 50% of the coverage is used for photographs
and diagrams.

(ii) It is difficult to find 100 word long passages from sections on
practical instructions and questions. Thus it is difficult to apply
Fry's Readability Graph.

(iii) Experience has shown that the structure of practical instructions

and guestions, such as very short sentences, results in abnormally low
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reading levels, when the Fry Readability Graph is used. (Graham, 1977).
The problems associated with reading and understanding this material is a
separate issue and new technigues and approaches will have to be developed

to explore these content areas,

Before surveying all the textbooks it was necessary to establish
the number of passages that were required in order to obtain an accurate
estimate of a textbook's overall difficulty. Thus a pilot study was
conducted using 'Introduction to Biology' by D.G. Mackean. Reading
levels were determined by the application of Fry's Readability Graph to
passages randomly taken from 5%, 10% and 20% of the pages.

Table 2.5 Details of reading levels obtained by the application

of Fry's Readability Graph to 5%, 10% and 20% of pages
taken from 'Introduction to Biology'.

% of pages number of Reading Level (yrs)
sampled passages analysed Mean Range S.D.
7] 11 16.2 13=18 l.81
10 21 15.9 13-18 1.79
20 41 15.85 12-18 1,89

The results in Table 2.5, clearly indicate that the mean reading
level is similar for all of the sample sizes. If one takes into account
that the accuracy of Fry's Readability Graph is approximately i].raading
level (Harrison, 1978) then it can be concluded that there is no real
benefit in using a sample size greater than 5% of the pages. However,
it must be pointed out that this conclusion may not be valid for other
types of textbook which have a different style to that found in biology.
Also there may be a minimum number of passages that have to be used to
obtain an accurate estimate of the overall reading level, Sampling 5%
of the pages in a small book of e.g. 60 pages would only give one 3 passages
to analyse. Nor do the present results probably apply to other
readability formulae, Burkhead and Ulferts have examined the effect

of sampling frequency on the reliability of the Dale-Chall formulae.
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Samples taken at 20, 30, 40 and 50 page intervals were found to be as
reliable as samples taken at 10 page intervals. (Burkhead and Ulferts, 1977).
The five biology textbooks were surveyed by the application of
Fry's Readability Graph to passages randomly taken from 5% of the pages.

Table 2.6 Details of reading levels obtained by the application

of Fry's Readability Graph to 5% of pages taken from
5 school biology textbooks.

Author/s Reading Levels (yrs)
Mean Range S.D.
Beckett 15,6 12-18 2.0
Brewer and Burrouw 16.8 12-18 2,0
Brocklehurst and Ward 15.6 12-18 2.1
Head 15.8 12-18 1.9
Mackean 16.2 13-18 1.8

It can be seen from the results in Table 2.6 that most of the
biology textbooks have an overall reading level of 16 years; the
exception was Brewer and Burrow which has a mean reading level of
17 years. An important finding was that the readinglevels within each
book were far from consistent, usually ranging from 12 to 18 years.

One final question arises from the work reported abovej
"Dpoes the reading level of textual material within individual chapters
remain fairly constant or vary?" In order to find out, three chapters
were randomly chosen from 'Introduction to Biology'. Fry's Readability
Graph was then applied to passages randomly chosen from every column

of text to be found in each chapter.
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Table 2.7 Reading levels obtained by the application of Fry's
Readability Graph to 3 chapters taken from
'Introduction to Biology'.

Chapter Number of Reading Levels (yrs)
passages Mean Range S.D.
5 7 14,1 12-16 1,65
=2 9 15,8 14-17 1,20
20 5 16.8 15-18 1.18

The results in Table 2,7 establish that the textual material
within a chapter also has a wide range of reading levels, It is obvious

that Mackean has not aimed particular chapters at a particular age group.
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Discussion

The measurement of texts by Fry's Readability Graph indicated
that four of the five biology textbooks had mean reading levels of
16 years; that is, they are only suitable for use by some fifth form
pupils, Teachers should be aware that these results do not indicate
that the language of the textbooks is suitable for the less able 16 year old
taking for example a C.S.E. exam = even though some of these books are
described as being suitable for this exam by the publishers (see Table 2.4).
The textbook by Brewer and Burrow had a mean reading level of 17 years
making it unsuitable for virtually all '0' level and CSE groups. An
interesting point is that the Bullock Report (Bullock Committee, 1975, p.10).
appears to suggest that a value of 6 should be added to American grade
levels in order to obtain a reading level. If this report is correct,
then all the mean values given should be raised by one year. All the
textbooks used in the survey would then become unsuitable for the majority
of fifth form pupils.

Harrison (1979) has looked at the reading levels of printed texts
in use in a number of subject areas. Science and social science contained
the most difficult texts, with first year science standing out as
particularly difficult. It is slightly disturbing to note that seven of
the nine samples of first-year science prose were from teacher produced
worksheets, These findings are consistent with a number of studies such
as the one by Johnson (1979) and those reported by Klare (1963) in which
science texts were rated as being too difficult for the pupils who read
them,

On the whole, the present survey obtained results which were
similar to those reported by Carrick (1978) and Gould (1977). Houwever,
Gould (1977) reports that the textbook by Mackean has a mean reading level
of 1B years which is two years greater than the mean value found by
Carrick (1978) and in the present survey. Gould (1977) gives no

indication of the number of samples he took from sach book and may have
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followed Fry's (1968) original recommendations to take only three
passages from the textbook. This may explain his rather high estimate
of reading level for the textbook by Mackean.

Perhaps the most important result was the range of reading levels
obtained for passages within each textbook. It appeared to be quite
random within a textbook whether a passage was suitable for 12 year old
pupils or 18 year old pupils. There is an argument for writing chapters
at different reading levels; for example, a chapter on classification
aimed at young pupils could have a low reading levelj while a chapter
on genetics aimed at older pupils could have a higher reading level.
Unfortunately, none of the authors of the textbooks used in this survey
can claim to have used such an approach.

The situation may be worse still, because of the way in which texts
are used in science. Harrison and Gardner (1977) distinguish between
the supported and unsupported use of texts. In subject areas such as
English, teachers tend to support the text by using it in the classroom,
often reading it aloud and using it as the basis for discussion. The
teacher is present and actively explaining the text, or is at least
immediately available to answer any guestions. Biology texts, by
comparison, are used for reference purposes or for note making set as
homework (Gould, 1977). This unsupported use of texts is related to the
need of biology teachers to use class time for practical work and discussions,
American research work suggests that the reading levels of science texts
ought to be about two years less than those of a supported text. On this
basis none of the textbooks analysed are suitable for use in an unsupported
context with '0' level or 'CSE' pupils.

It is suggested that the results of the present survey, taken together
with findings from similar studies, give firm evidence that many pupils,
perhaps even most pupils, are experiencing difficulties with their
textbooks because of the way in which they are written. The implications

are therefore:
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1.

2,

3

The mean reading level of textbooks in biology is too high, making
them hard to read,.

Special attention should be paid to the distribution of results within
a textbook, The potentially wide differences between passages in

the same chapter of a textbook makes the task of selecting material
at a suitable reading level difficult.

Children should not be expected to use these textbooks to work
effectively on their own, e.g. at home.

Having criticised the present generation of biology textbooks
it is useful to consider the practicality of applying a readability
formula during textbook authorship. Readability research has
consistently pointed out that there is no causal relationship between
difficulty level as predicted by a formula and the actual difficulty
a reader is likely to encounter. Formulae simply measure certain
correlates of text difficulty and it is invalid to assume that short
sentences, for example, will guarantee that a passage is easier to
read (Klare, 1963).

The danger of writing to a formula has been experienced by the
Resources for Learning Development Unit based in Avon, which has used
readability formula scores to assist them in producing materials aimed
at different reading levels for mixed-ability groups. Harrison (1979)
reports that initially the formula results were a valuable guide, but
gradually the writing team became aware of what factors they could
alter in order to affect the measured readability score, Gradually,
the team realized that they were tending to write stilted and incoherent
prose, In a survey of publishers' attitudes towards readability,
Greig (1977) found that in general, publishers seem wary of applying
formulae since these may encourage clumsy writing,

So far, the readability of texts has been discussed without
considering the limitations of readability formulae, Formulae serve

a purpose but they leave a lot unexplained, For example, it is said
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that an abstract, complex discussion is accompanied by many conjunctions
(Kintsch and Vipond, 1979). Clearly the conjunctions do not cause
the difficulty = they are merely an index of it. A formula that
includes conjunctions as one of its factors is at the "symptom level",
that is, it fails to deal with the deeper levels of text comprehension,
There are further limitations of readability formulae, which will be
outlined below:

Formulae sometimes give perplexing results. Lockman (1956) computed
the Flesch Reading Ease scores for nine sets of inmstructions for
psychological tests, He then had 171 naval cadets rate the instructions
on "understandability"., However, the rank-order correlation between
the two sets of measurements was =0.65 (p<0.05). With reserve,
Lockman concluded: "It would appear that reading ease scores and
understandability ratings were not measuring the same thing".

Klare (1963) notes that formulae measure only style, not content.

They measure only one aspect of style = difficulty = ignoring dramatic
effectiveness, appropriateness and so on. Nor are they perfect
indicators of style difficulty and formulae are certainly not measures
of good style,

Higher=level features of text organization are not included in
readability formulae, These features are the "tips" and "cues" which
allow the reader to organize and integrate sequential material.
Readability formulae cannot discriminate between scrambled and well=-
ordered words; much less can they detect scrambled sentences or
paragraphs. A standard set of comprehension passages from a large-
scale test, the McCall - Crabbs Standard Test Lessons in Reading have
been used in a large number of American validation studies (McCall-
Crabbs, 1925, 1950, 1961). Chall (1958) points out that these tests
are too short to reveal the higher-level features of a text, In this

sense there was from the beginning a bias against including these

features in readability formulae.
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4, Taylor (1953) maintgins that formulae are particularly insensitive
to the effects of textual factors upon specific individuals or small
Qroups. He also argues that formulae are insensitive firstly, to the
effect of previous knowledge of the book; secondly, the measurement
of the readability of passages involving the non-idiomatic use of
languagey and thirdly, collections of words which have little meaning
for an individual. These criticisms reflect the point that readability
formulae only measure some of the factors associated with the text.

The researcher also requires measures which reflect the other factors
that affect readability.

5. Stokes (1978) critically reviews the reliability and validity of
readability formulae, and considers it unsatisfactory to validate
formulae by means of correlation with other formulas, As Manzo (1970)
aptly puts it:

"readability can only rank-order materials, that is, compare
them on the same linguistic variables. 1f there is any
validity to this process it is only to the extent to which
there is agreement with existing standards (as when early
formulae compared their rankings with those derived from
basal readers as a means of designating appropriateness for
given grade levels)., This is incestuous......(and) makes
readability research a construct without a point of reference,"

6. Most formulae involves the use of a word variable and a sentence
variable, reflecting the conclusions of researchers that they
correlate highly with reading difficulty (e.g. Klare, 1974/1975).

The evidence for a relationship between word or sentence variables
and psychological theory is scanty and mostly indirect (Harrison,
1979), Clearly, the existing work on readability formulae is close
to useless from a psychological perspective,

Although readability formulae are by no means useless for practical
purposes they are far from adequate. Attempts to overcome some of the
criticisms outlined above have led to the development of alternative

measures. 0f these new measures of readability a technique known

as cloze procedure has proved most interesting to researchers.
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Summary

A preliminary survey of the reading difficulty of 5 school biology
textbooks was made by applying Fry's Readability Graph to a 5% sample
of pages in each book, The mean, range and standard deviation of
reading levels for these pages was calculated for each book, Results
indicate that the mean reading difficulty of all the texts was at
least 16 years, that is they are only suitable for use by fifth form
pupils, The variability across the sampled pages indicated by the wide
range and distribution of reading levels within any one book suggest that
whole sections of text are unsuitable for even the 16 year old pupil.

The use of readability formulae can be criticised on the grounds
that they are not based on psychological theory and only measure a limited
number of the factors which influence readability, Existing words on
readability propose an alternative measure known as cloze procedure which

is said to overcome the criticisms outlined above.
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CHAPTER III

COMPARING THE READABILITY OF BIDLOGY
TEXTS BY CLOZE PROCEDURE

Introduction

The measurement of texts by readability formulae indicated that
biology textbooks have reading levels which are higher than the age of
the pupils that read them, but formulae only measure a limited number
of factors that affect the readability of a text. A technique was
required which would go beyond the measurement of language and include
other elements of readability. Taylor (1957) suggests that cloze
procedure reflects the sum total of all influences which interact to
affect readability. When the cloze test is applied, both reader and text
are assessed simultaneously by use of the one measure which undoubtedly
gives this procedure a greater face validity than other procedures
referred to,

The value of the cloze procedure as a measure of readability has
been stressed by writers such as Bormuth, (1963), Rankin, (1959), and
Klare, (1966), though there is some disagreement on the possible extent
of its valid use (e.g. Carroll, 1972, Schlesinger, 1968), At the present
time there is no clearly established procedure for the use of the cloze
technigue. An evaluation of the research literature was thus required
to produce a method which may be used to optimise the effectiveness of
cloze procedure.

Two texts were chosen from the textbook by Mackean to represent
material which pupils have typically to cope with in an '0' level biology
cCourse. In order to make a comparison, two texts on the same sub jects
with similar content were written in a simpler manner.

The first section of this chapter is a review of the research
literature in order to establish a reliable method of appreach. The second

section begins with a description of the original and modified test
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passages which were presented as cloze ’ansts to fourth form '0' level

- +

ability pupils. The results of these tests are analysed and their
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3.1 Cloze Procedure

The procedure is to delete certain words either randomly or at
fixed intervals from a passage. The mutilated passage can then be
presented to a subject who has to supply the appropriate words for the
gapse. In order to supply the word "likes" for example in "The cow
to eat grass", the subject has to:

(i) select a word that fits in grammatically

(ii) select a word with the correct meaning

(iii) follow the language pattern and vocabulary employed by the author.

If the sentence above had been preceded by "Last week" the word "likes"
would no longer be acceptable for the omission must be the past tense "liked".
The synonym "enjoys" could have been employed but it is perhaps less likely
to occur in the given text.

Cloze procedure not only demands fluency and a knowledge of
grammatical structure but also requires the pupil to understand the text.

As such, it is claimed that cloze procedure measures total readability
much more nearly than for example, readability formulae,.

The term "cloze" is from the Gestalt concept of closure, which in
cruce terms is a tendency on the part of an organism perceptually to complete
stimulus presentations which are physically incomplete. This statement
does not mean that the missing parts of, say, a geometrical shape, are
actually seen but merely that the parts are organized as belonging to a
complete figure. Cloze procedure can be thought of as the predictability
of words in a passage; the higher the score of correct responses the more
readable a passage should be.

There have been a number of alternative approaches to the use of
cloze procedure:

l. Specific lexical deletions can be used to diagnose or develop a
particular reading skill, In lexical deletions, certain parts of speech

such as nouns or verbs are omitted,
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By deleting content words, a passage can be used to measure information

gain at the end of a topic.

Rankin (1959) found that cloze scores correlated highly with reading
comprehension scores. Since the early sixties cloze procedure has
become a common correlate of the reader's comprehension replacing the
use of, say, multiple-choice comprehension tests., Bormuth (1969)
for example, has used the cloze comprehension test as criterion to

develop 24 formulae with up to 20 different variables in each.

In a cloze test the reader's task is to work out from the surrounding
context which word has been omitted and to insert the one which seems
most appropriate in each blank space. The proportion of correctly=-
guessed words gives an indication of the extent to which the reader

has understood the passage. The score a reader obtains on a number

of passages will vary according to how difficult each one is to
comprehend, and they enable the researcher to rank the passages in order
of difficulty. The rationale behind this method of testing readability
is discussed in papers by Bormuth (1967, 1968), and is widely accepted.
Nevertheless, as will be emphasized later in this chapter, while one
might endorse a wider use of the technique, caution is needed when

cloze procedure is used as a test of readability.

There has been some disagreement concerning the preparation of cloze

passages which are to be used as a test of readability. The first issue

is to choose a suitable deletion rate. The work of MacGintie (1961)

and Fillenbaum et al (1963) have independently come to the conclusion that

the deletion of every fifth word in a passage is most satisfactory.

However, McNinch et al (undated) and Klare et al (1972) both suggest that

the deletion pattern should be varied depending upon the nature of the

material to be tested. Harrison (1979) felt that although fifth-word

deletions may increase the reliability of test scores, the effect on

children would be to dampen their motivationj especially if the test
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passage had a very high difficulty level. Smith and Dechant (1961)
suggest that young children cannot understand a test passage if it has
a deletion pattern greater than one in ten.

The second issue concerning the preparation of cloze passages is
the choice of versions., If the deletion rate was, say fifth-word; then
we can produce five different versions of a passage. For example:
Version 1l. second issue concerning the of cloze

passages is choice of versions,

Version 2. The issue concerning the preparation

cloze passages is the of versions.

Version 3, The second concerning the preparation of

passages is the choice versions,

Version 4. The second issue the preparation of cloze

is the choice of 3

Version 5. The second issue concerning preparation of

cloze passages the choice of versions.

Choosing one version of a test passage involves hazards. In the example

above, it is clearly easier to select the correct words in version 1

than in version 5. Obviously a word such as "the" will be supplied without

much difficulty, whereas the word "versions" makes greater demands on the

sub ject's reading strategies. Thus the use of only one version may

produce results which are not representative of the true difficulty of

a test passage. Davies (1976) for example, has reported inter-version

variations which were statistically significant. It is a pity that the

study of British biology 'O' level textbooks using cloze procedure by

Gould (1977) was based on results for only some versions of each test

passage. His conclusions must therefore be treated with caution,
Choosing one "fair" version of a cloze passage would involve

some form of content analysis. Bormuth (1968) and Davies (1976) have

both identified a number of criteria which could be used to group cloze
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items in terms of difficulty; the choice of criteria being relevant to
the material being tested for readability. For example, words in a
passage may be classified into structural versus content words or
monosyllables versus polysyllables, Te sum up, the burden of preparing
and administering all versions of a cloze passage are considerably
greater than for one version. However, there is a possibility that the
chosen single version would differ significantly from another. It is
the opinion of most workers in the field of readability (e.g. Gilliland,
19773 Harrison, 1978) that all versions should be used thus ensuring
that respenses to all deletions can be analysed.

The next problem is to set about producing an adequate sample of
the materials to be used in the cloze test., At present, opinions differ
as to what is "adequate". Harrison (1978) finds one passage of reasonable
length (i.e. 200 words) from a text book to be acceptable. 1In view of
the differences in subject matter in text books and their effects upon
style of writing, one would wish to be cautious about generalising from it.
Rankin and Culhane (1969) in their account of how cloze technigues might
best be used, recommend the same approach as for readability formulaej
that is, a number of samples of text are analysed and the results averaged.
Taylor (1956) who was first to point out the value of cloze procedure
as a measure of readability suggests a sample size of 20% of the pages in
a book,. However, Greig (1976) points out that test passages should be
determined by considerations other than strictly number of page choice.
He advises that the choice of text passage should be based on criteria
such as the content or reading level of the textual material.

It would be useful to state that a cloze score of "x" indicated
that a text was suitable for children of a particular age. Many workers,
such as Rankin and Culhane (1969), Rankin (undated) and Bormuth (1969)
have studied this problem. Bormuth (1967, 1968a) has reported that a
38% correct verbatim response correlates with a subject's ability to

gain information effectively from a passage; in the latter of the two
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studies referred to, he suggests an alternative criterion of 44%. Based
on his findings, some educationalists have classified cloze scores in
the following way (e.g. Thelen, 1974),
Score %
0 = 39 Frustration level - passage is too difficult
40 = 59 Instructional level = assistance is required

60 - 100 Independent level - no assistance is required

There appears to be little justification for the use of Bormuth's
findings as a criterion for passage selection. His results were based
on large-scale research studies each involving a hundred subjects,
and the figures of 38% and 44% were the average scores on a cloze test
which were associated with a certain degree of success on a multiple-
choice comprehension test. The problem is whether the cloze test scores
of a class group would be a reliable indication of the difficulty level
of a passage (Harrison, 1979)., The strength of cloze procedure is to

provide data which places texts in a rank order of difficulty.
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3.2 The cloze tests

Method
Subjects

The requirement was for a sufficient number of fourth form pupils
taking an '0' level biology course, in order to allow for a statistical
treatment of results, Six male grammar schools in the llest Midlands
were invited to take part in this experiment; four of the schools
accepted, The author teaches at a grammar school which has links with
the schools involved. The choice of these schools thus simplified the
process of gaining permission from the headmasters, It is considered that
this choice of one 'type' of pupil should not mean that the overall conclusions
drawn from the experiment don't apply to children of either sex in other
types of school,.

In all, 140 subjects with a mean age of 14.6 years took part in the
experiment. Three of the schools each provided one class group while

the fourth school provided two class groups.

Materials

To familiarise the subjects with cloze procedure, an interesting
pre=test story was written on sharks which had a reading level of 11 yrs.
as determined by Fry's Readability Graph (Table 3.1). A single version
of the pre-test was prepared using a fifth-word deletion pattern beginning

with the fifth word.
Table 3.1 Pre=test story on sharks.

AN ENCOUNTER

I had never realised that the Mediterranean Sea could
hold such terrors. I had been underwater for about half an
hour when I decided to move back up to the surface.,

As I slowly moved up, I saw a large grey shape in the
distance. I was not sure what it was. So I stayed still as

the grey shape swam towards me, With a sinking feeling in my

stomach I realised that I was just about to meet my first shark.
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Watching me with cold, hard eyes, he slowly swam around
me. Each time he circled me the shark moved in a little
closer. I could sense that he was waiting for a chance to
attack,

Desperately I tried to think of ways to frighten off sharks.
One of my friends had told me to shout at the top of my voice.
So I shouted until I was hoarse. The grey shark seemed to be
deaf.

As my grey friend began to glide towards me, I knew that
my life was at stake. Those few minutes seemed to last a

limetime, when suddenly«I woke up!

Tuwo test passages were selected from the textbook by Mackean to
represent typical textual material. Two passages were chosen because
of the dangers of generalizing from one. More test passages would have
been desirable but this would have considerably increased the burden of
preparation, administration and analysis.

Selection of the passages was determined by the content and reading
level of the textual material. Both test passages were taken from topics
that the subjects had already covered in their classwork. Thus the
content and technical terms used in the passages should have been familiar
to the pupils. Reading levels uwere used so as to select one difficult
passage and one simpler passage. The difficult passage was from the
topic 'exchanging gases' and had a reading level of 18 years. The
simpler passage was from the topic 'lymphatic system' and had a reading
level of 15 years which was similar to the age of the subjects used

in this experiment. (Table 3.2).
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Table 3.2 Test passages taken from "Introduction to Biology" by Mackean,

Lymphatic System

The capillaries are noet the only route by which the tissue fluid
returns to the circulation, Some of it returns via the lymphatic
systems. The proteins in the tissue fluid are unable to re-enter the
capillaries but can drain into blindly-ending, thin-walled vessels which
are found between the cells, These lymphatics join up to form larger
vessels which eventually unite into two main ducts and empty out their
contents into the large veins entering the right atrium,

The fluid in the lymphatic vessels is called lymph, Its
composition is similar to plasma but it contains less proteins. It
also contains a certain type of white cell, lymphocyte, which is made
in the lymph glands,

Gaseous Exchange

The lining of the alveoli is covered with a film of moisture.
The oxygen concentration in the blood is lower than in the alveolus,
hence oxygen in the air space dissolves in the film of moisture and
diffuses through the epithelium, the capillary wall, the plasma and
into a red cell, where it combines with the haemoglobin, The
capillaries reunite and eventually form the pulmonary veins which
return the oxygenated blood to the left atrium of the heart. The low
concentration of carbon dioxide in the alveoli stimulates the enzyme,
carbonic anhydrate, in the blood to break down the bicarbonate salts
and liberate carbon dioxide, This gas diffuses into the alveoli and

is eventually expelled,

In addition, two test passages were written by modifying the
language of the passages from Mackean, These modifications allowed
for the comparison of texts with similar content yet different reading
levels, In a previous study (Graham, 1977) it was found that the reading
level of a text did not always predict its cloze score and it was suggested

that features of the text other than language were important predictors
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of cloze score, Similar discrepancies have been reported by a number
of workers (e.g. Bormuth, 19663 Harrison, 19793 Miller, 1974). The
modified passages were both written to give a reading level of 11 yrs as
predicted by Fry's Readability Graph. Thus the author was able to
compare cloze scores obtained for two passages with the same reading
level,

The re-writing of the original passages from Mackean was necessarily
a subjective process, If one is examining a single factor and its effect
on readability, then a single set of rules can be objectively applied to
the passages., However, the resulting passages are often less 'attractive!
to read. In this study the objective was to communicate complex matters
in relatively simple language and it was difficult to see how a systematic
approach could helps Even so, studies by Gibson and Levin (1975),
Grey and Leary (1935) and Peterson (1954), helped the author to formulate
guidelines as to what constituted 'simple language'. The modified

passages are presented in Table 3.3, and the guidelines can be found in
Appendix 1.
Table 3,3 Modified test passages.

The Lymphatic System

Around the cells of our body is a liquid called tissue fluid.
It keeps our cells damp and forms a link with the blood vessels,

The substances that our cells need pass out of the blood vessels
and into the tissue fluid. These substances then pass into our cells,
Anything made by our cells passes into the blood vessels in the same
way,

Not all the fluid or substances made by our cells return to the
blood vessels, Some of it drains into ducts between the cells,

These ducts are part of the lymphatic system. The fluid inside the
ducts is called lymph. Lymph is very similar to blood but contains

less protein.
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Table 3.3 contd.

Exchanging Gases

Inside your lungs there are small air sacs called alveoli,

These sacs have walls which are damp. The gases dissolve in this damp
layer,

Around the air sacs are many blood vessels, These blood vessels
contain less oxygen than in the air sacs. So the oxygen moves from
the air sacs into the blood.

The blood vessels around the air sacs also contain a lot of
bicarbonate salts, An enzyme breaks these bicarbonate salts down to
give carbon dioxide. There is less carbeon dioxide in the air sacs
than in the blood vessels., So the carbon dioxide passes out of the

blood and into the air sacs.

The original and modified test passages were prepared using a
fifth=-word deletion pattern, All fiveversions of each test passage

were used (see p.44 for details),

Procedure

The cloze tests were administered to five class groups of subjects
during June 1979, Each school allocated a double period of classtime
per group of subjects, The purpose of the experiment was explained by
the author and it was pointed out that the experiment tested the textual
material and not the pupils, The pre-test passage on sharks was handed
out, verbal instructions on how to complete a cloze test were given and
pupils' questions were answered. Having completed the pre-test, the
pupils marked their own test sheets which generated further discussion
about cloze procedure,. Now familiar with the technigue, each pupil
in the class group was allocated at random one version of one of the
four test passages, The cloze tests were completed in relaxed conditions,
however provision was made to prevent cheating. Adequate time was given

for all pupils to complete their cloze test passage. Finally, the test
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sheets were collected in to be marked by the author,.

Scoring

Scoring was carried out on a verbatim basisj that is a word was
only scored as correct if it was the exact one which had appeared in the
original passage. Minor mis-spellings were disregarded. A number of
independent studies have demonstrated that the enormously lengthy process
of using a scoring system that accepts synonyms as correct produces minimal

increases in the correlations with passage difficulty. (Bormuth, 1968b).

Results
The results of this investigation are shouwn in Table 3.4 where mean
cloze scores and standard deviations for each version of a passage are set

out together with the overall means,

Table 3.4 Cloze scores and standard deviations for each version of a

passage.
o8t Versions Basn
Passages Values
1 2 3 4 5
AM % 4448 52.2 5347 44,8 33.7 45,9
SD 6.1 Be9 16.3 15.4 8.1 12.7 N = 33
N i 7 7 5 7
BM £ 3545 4142 34,0 50.9 54.6 4342
SD 10.7 15.6 10.9 Bed 9,9 13.5
N T 7 7 ) 7 N =235
AG x 773 46.1 §7.2 6745 762 64,8
SD 12.8 18.1 23.5 11.8 9,5 19,4
N 7 7 7 6 7 N = 34
BG 5 54,6 41.3 56.1 3343 56,1 48,3
SD 12,1 19.4 12,2 1653 11.4 16.5
N 7 7 7 7 7 N =35
Mean 53.0 45,2 5042 49,1 6346
Values SD 10.4 15.0 1547 12.7 9,7
N=28-N=28 N=28 N=28 N=28
Author M = Original passage G = Modified passage (Graham)

(Mackean)

Topic A = 'Exchanging gases' B = 'lymphatic system)
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The results were subjected to a three—way analysis of variance
for independent measurss in order toc test for differences betuwsen the
versions, topics and authors. A summary of this analysis of variance

is given in Table 3,5.

Table 3.5 Analysis of variance: Versions by Topics by Authors
Source of Variation 53 DE: ms E Sig of F,

Main Effects

Versions 16311 4 dU?.BI Ze2l 0,066
. Tapic 3122.59 1 3122.9 i 0.001
Author 4783.3 1l 4783.3 2646 0.001

2-way Interactions

Versigns = Topic 1168B.2 4 292.1 1.8 0.172
fersions = Author 437740 4 1084,2 B.l 0.001
Topic = Author 1503.0 1 1503.0 844 0.005

J-way Interactions

-

Versions = Topic = Author 48935.1 4 1223.8 6.8 0.001
Explainead 216879.8 19 1141,0 a3 0.001
Residual 21007.2 117 179.5
Total 42887 .0 136 513549
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The presence of a significant three-way interaction makes the
interpretation of this table difficult. Since the differences betuween
versions were not of any practical importance to the main hypothesis it
was decided to use combined versions for each passage. However, the
difference betwesn versions is a subsidiary result of considerable
importance and will be dealt with later onm in this section (sees page 58).
The mean valuss of the cloze scores are presented in Table 3.6. The
results were subjected to a two-way analysis of variance for independent
measures in order to test for differences between the topics and authors.

A summary of this analysis of variance is given in Tables 3.7.
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Table 3.6 Percentage c¢loze scores for four passages.

TORIC
Total
Exchanging Lymphatic
gases system
Original
passages 45,9 4342 89,1
A (Mackean)
u
& Modified
passages 64,8 48,3 113.1
0
(Graham)
R
Total 110.7 91.5
Table 3.7 Analysis of variance: Tapiﬁs by Authors.
Sgurce of variation 56 DF Ms L Sig.of F.
Topic A178e3 1 317543 12.8 0.001
Author 476642 X 476642 1952 C.001
2-way interaction 1628,.9 1 1629.9 6.6 0.012
Explained S9627.9 3 3209.3 12.9 0,001
Residual 330591 133 248,6
Total 42687.0 136 313.9



The two-way interaction between the topics and authors was
statistically significant at the 0,05 confidence limits. However, an
examination of Table 3.6 indicates that the differsnces between ths authors
is in the same dirsction and similarly, the differences bstween the topics
is in the same direction. Hence there is an ordinal interaction and it is
reasonable to interpret the resulﬁs as indicating that the modified passages
obtained higher cloze scores than the original passages, Table 3.6 shouws
that the modifications made to the original passage on the topic 'lymphatic
system' only raised the cloze score by 5%. In contrast, the modifications
made to the original passage on 'exchanging gases' resulted in an improved
cloze score of approximately 20%. It can be concluded that there must
be factors other than langdage which are important determinants of the
regadability of the topic 'lymphatic system'. y

The relationship between cloze scores and reading lavel as predicted
by Fry's Graph is illustrgted in Fig.58e1s Mote that there ars dif?erencas
between the results obtained using theses measures, For sxampls, passages
8G, 8M and AM all have similar cloze scorss yst they were predicted by

Fry's Graph to have reading levels of 11, 15 and 18 years resspectively,
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Fige. 3.1 Combined cloze figures and readability levels (Fry Graph)

for original and modified passages on two biology tepics.

D: Original passage
Xt Modified passage
-.=3: 'Exchanging gases'

-—=3 'Lymphatic system'

70
*""‘\-
60 | ik
% i) bl
Cloze S
score a0 r N o g =
T e ~o
=
40 [
; . ' . : : ' .

10 < IRl 15, 14 15 16 17 18

Reading Level (yrs)

The second ma jor conclusion of this study is that Fry's Graph and cloze
procedure have given widely different estimates of the readability of

each passage.
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There are a number of subsidiary results that are not concerned
with the main experimental hypothesis, but they are nevertheless of
considerable importance.

l. The burden of preparing and administering all versions of a
cloze passage are considerably greater than for one version. Thus the
author was prompted to ask the question: "Would the results have been
the same if only one version of each passage had been used? Table 3.8
is a summary of analyses of variance, topics by authors, using values
from individual versions. It can be clearly seen from Table 3,8 that
the pattern of relationships differs from one version to another. In
each case, the version has affected the relative influence of the topic

and author on the cloze scores.

. Source of
Version Uariatien 55 DF MS B Sig of F.
i Topic 1784.0 1 17848 15,5 0,001
Author 466742 1 4667.2 40,5 0,001
Interaction 314,.9 1 314,.9 2ol 011}
2 Topic 62.4 g 62.4 0.25 0.621
Author 438.4 i I 438.4 l-a Ualg?
Interaction 67.9 1 67.9 De3 0.606
3 Topic 751.9 1) 751.9 2.8 0.109
Author 1140,5 1 134085 4,2 0,051
Interaction 606.4 X 606.4 2ol 0.148
4 Topic 1398,9 il 1398,9 8.5 0,008
Author 0.01 3 0.01 0.0 0,994
Interaction 2471.3 1 ETINTE 15,0 0.001
5 Topic 1.04 1 .08 0500 0.918
Author 3374,.8 1y 3374.8 35,1 0,001
Interaction 2937.6 1 2937.6 30.6 0,001

The implication of these results is that it is essential to use
each possible version of a passage in a cloze test, A simple content
analysis of the deleted words provides further insight into the reasons

for the differences between versions and Figure 3.2 shows the percentage
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of technical terms that were deleted in each version of a passage.
In order to make comparisons, the cloze scores for each version of the




FEtge (De & Percentages of technical terms deleted from each
version of the four passages.
l. Original passages
50
' A. 'Exchanging gases'
3 *\\\\\\*___ j =////,/x
1 2 3 4 5
% 50
technical
B. 'Lymphatic system'
terms 251 x —x
deleted
2 2 3 4 5
50 Modified passages
25 A. 'Exchanging gases!
L 1 1 i i
1 2 3 4 5
50
25 Be 'Lymphatic system!
1 2 3 4
Versions

For example, in Version 3 of the modified passage on exchanging

gases, 53% of the deleted words were technical, while in Version 5

the figure was only 20%.

Turning to Fig.3.3 it can clearly be seen

that Version 3 was found to be more difficult than Version 5 with

cloze scores of 57.2% and 76.2% respectively.

Obviously, a technical

word such as 'bicarbonate' will be harder to supply for a deletion

than a non=technical word such as 'the'.
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Fige 3.3 Mean cloze scores for each version of the four passages,

80
% 70
cloze
score 60
50
40
30
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80
70
%
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l, Topic: ‘'exchanging gases'
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Original
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2. Topic: 'lymphatic system!

Modified

.-/% Original
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2. On the crucial issue of reliability, the standard deviations for
each passage were large in relation to the mean score (Table 3.4).
In other words, individual results showed a good deal of variation,

(Figs 3.4),

Fig. 3.4 Distribution of cloze scores.

Original passages

10 | —
i
S 'Exchanging gases'
‘ l ! [ l
20 40 60 80 100
Number 10 ¢
of 'Lymphatic system'
Pupils 5
20 20 60 350
Modified passages
10L

'Exchanging gases'

5-
uml HH—H—H‘FF
60 80

20 40 100
10L
'Lymphatic system'
g
5 nliins .}"ﬂ
20 40 60 80 100

% Cloze scores

As can be seen from the graphs there was a wide range of performance.
In all cases there was a group of pupils that obtained very low scores
which is most marked in the modified passages where the distribution of
cloze scores is almost bimodal. These low scores may have bsen

obtained by pupils with very poor comprehension skills but there is an
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alternative explanation. During the cloze tests it was observed that
some of the subjects showed little enthusiasm towards the task and may

‘have not tried very hard to complete the deletions. Clearly, if only a

small group of subjects perform the cloze test it is unlikely that the

result will be a reliable one.
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Discussion

The cloze tests produced two results, Firstly, the textual
modifications made to the two original passages were not equally
successful, The modifications made to the passage on 'exchanging gases!
significantly increased its cloze score which is a confirmation
of the American work by Williams (1968) who analysed science material
and rewrote it in a way that increased its readability, However,
modifications made to the passage on the 'lymphatic system' did not
significantly raise its cloze score., A similar result was found by
Greene and Szabo (1979) who used 9 criteria to reduce reading levels
in instructional material but found no significant improvement in
achievement, Obviously there are factors other than linguistic
which have affected the subject's ability to read the 'lymphatic system!

with understanding,

The second perplexing result was that there were differences
between the cloze scores and reading levels for each passage. Most
studies have not found such large differences between the two measures
of readability, for example Bormuth (1966) and Miller (1974) found
correlations between formula and cloze scores of .8 and .9 respectively.
However, there are some studies where the two measures have not been
closely correlated (e.g. Graham, 1977; Kintsch and Vipond, 19793
Schief and Wood, 1974). Some of the reasons for these results are
as follows:

Harrison (1979) suggests that low correlations between cloze and formula
scores were the result of an interaction between the interest of a passage
and its cloze score, This line of argument is supported by Schief and
Wood (1974) who found poor to negative correlations between measures.

They used newspaper articles which were found to be more interesting

than passages from reading tests or information books. In this study

it may be that the topic 'lymphatic system' was found to be less

interesting than 'exchanging gases' which resulted in lower cloze scores.

A



2.

1.

Mobley (1981) in an investigation of school textbooks questions the
interpretation of data from cloze procedure and strongly argues the
value/sub jective assessment. Despite the limitations of asking pupils
about the test passages, a questionnaire would help to determine the role

of interest in the readability of the test passages.

A second factor that may have affected the cloze scores is the level of
abstraction for each passage., Abstract writing is rather easily
defined as that which contains a relatively high propertion of
generalities and concepts far removed from basic life experiences
(Gillie, 1957), Gillie's simplified formula for measuring abstraction
in writing is derived from the Flesch abstraction formula (1950). It
involves a count of 'definite words', that is, finite verbs and definite
articles and a count of 'abstract nouns' such as those with the endings
-ness, =ment and -~ion., Though atheoretical, the results of applying
this formula appear to be meaningful if reported in terms of a verbal
description, rather than by a numerical score., As is the case with any
of the readability formulas, numerical scores often imply an unwarranted
degree of precision,

All the test passages were found to qualify as 'fairly concrete',
It appears that the differences between the test passages are not due
to surface features of text but must be psychelogical,

Earlier in the study it was stated that some workers in the field
of readability have reservations about cloze procedure (e.g. Carroll,
19723 Carver, 19733 Harrison, 19793 Neville and Pugh, 1974).
Criticisms about this technique can be divided into those concerning

its reliability and its validity.

The reliability of cloze procedure is open to question because of the
size of the standard deviations in relation to the mean score,. For
example, in studies by Bormuth (1967, 1968a) the overall standard

deviation was 17% of the mean score. In this experiment, the standard
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deviations were about 15% of the mean cloze score. In other words,
results on a passage have a good deal of variation and approach both
ends of the difficulty range. In the present experiment, individuals

were found scoring from 15% up to 95% on the same passage,.

The validity of cloze procedure as a measure of readability has been
guestioned by a number of authorities. Weaver and Kingston (1963)
performed a factor analytic study which suggests that cloze scores

are affected by a special aptitude or ability to utilize redundancy

in a passage and supply the missing elements, independent of verbal
ability. Coleman and Miller (1968) used the technique to compare
subjects with prior knowledge of a passage with those having none,
They found that cloze scores were hardly higher than when there was no
prior inspection, Carroll (1972) states that it is even possible to
secure cloze scores for meaningless material, so long as grammatical
cues are present, He concluded that the cloze technique is too crude
to permit measuring the degree to which the individual comprehends
particular lexical or grammatical cues or possesses a knowledge of
specified linguistic rules. Carroll assumes that the ability to
supply the correct word for a specific deletion depends instead on
inferential processes. Moreover, cloze procedure is totally severed
from cognitive psychology concerned with the processes of reading

comprehension,

To sum up, if one assumes that cloze procedure is a reliable
and valid measure of readability it can be concluded that the test
passages present reading difficulties which were not detected by
Fry's Graphical Technique. Readability formulae have their value,
however, variables such as sentence length and word length are not
the only reasons for reading difficulty.

There appear to be two lines of study which may help to identify
the variables which have affected the readability of the test passages.

First, a guestionnaire should help to provide information concerning
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the attitude of pupils towards the test passages. Second, a

technique based on sound theory should give us some psychological

ges are hard or easy to read with understanding
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Summarz

Two passages were chosen from a textbook by Mackean to represent
typical textual material that fourth form '0' level ability pupils
have to read. Two additional passages were produced by modifying
the originals in the direction of greater readability, The
modifications were the result of applying a set of simple, subjective
rules, Five versions of each test passage were prepared using a fifthe=
word deletion pattern and administered to groups of fourth year male
pupils in four secondary grammar schools,

Significant differences between the deletion versions of all four
test passages emphasize the methodological problems of relying on single
versions of a text when measuring readability, As was predicted,
significantly higher mean scores were found on the two modified passages
than on the originals. However, it was also found that there were
discrepancies between the cloze scores and Fry Graph results, For
example, the modified passage on the topic of 'lymphatic system' had
lower scores than that on the topic of 'exchanging gases' though these
passages were of the same reading level according to Fry graph results,

A number of reasons were put forward to explain the differences
between the cloze scores and Fry graph results; for example, the
reliability and validity of cloze procedure as a measure of readability
is gquestioned. It is concluded that the levels of interest for each
test passage should be determined by a questionnaire and that further
aspects of the readability of the test passages should be investigated

within the framework of a psychological model of text comprehension,
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CHAPTER IV

COMPARING THE READABILITY OF BIOLOGY
TEXTS BY SUBJECTIVE REPORT

Introduction

In the preceding chapters, two traditional measures were used
to describe the readability of four test passages, However, Fry's
graphical method and cloze procedure produced contradictory results
and a number of reasons for these discrepancies have been put forward,
There is one further approach, that of subjective report, which has
traditionally been used to assess the readability of textual material.
In spite of the limitations of subjective reports, asking pupils about
the test passages provides results which may be tentatively used as a
measure of readability, The present study used a questionnaire which
included guestions on a number of aspects of readability such as
linguistic complexity, understanding of the subject matter and interest.
Pupils were also required to visualise the main ideas in one of the test
passages and represent it graphically as a model.

The chapter begins with a short review of work on subjective
report and modelling main ideas as measures of readability, In the
second part of this chapter the experiment is described and the implications

of the results are discussed,
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4,1 Subjective report and modelling main ideas as measures of readability

In the absence of convenient quantitative methods, most teachers
are usually obliged to choose books on behalf of others by making
sub jective estimates, Knowing about their pupils' interests and
capabilities the teacher may be able to make accurate and appropriate
judgements, However, studies of teacher judgements have shown that
individual estimates are often inadequate and can be improved upon by
using group estimates (e.g. Harrisen, 1979), Moyle (1971) lists two
studies involving the grading of books by committees of experienced teachers.
The grades given by these panels were much more consistent than by
individuals. Yet it must be remembered that these judgements are still
based on subjective assumptions and values.

Instead of the teacher making an estimate, a second approach is
to ask the pupils about the readability of a text. Classified by Carroll
(1972) as a subjective report he considers its reliability to be highly
fallible. However, if the honesty and attention of the pupils can be
assured, then the subjective report becomes a valid and useful measure
of comprehension. The potential of the subjective report is that particular
elements which cause difficulty in comprehension can be explored. For
example, by varying the nature of a passage it is possible to relate
subjective ratings to characteristics such as grammatical complexity and
vocabulary (e.g. Peterson, 1954),

A simple exercise was included in the guestionnaire in which
pupils were encouraged to try to visualise the main ideas in a passage
and represent them as a model. In intensive reading, the ideas which
are generated can often be seen, in the mind's eye, as an image. The
ideas are translated and organized into a variety of forms such as a
picture, chart or flow diagram to suit the interests and purposes of the
reader, A model of the ideas in a text is often superior to a prose
summary because it provides a more direct representation of the concepts

to be comprehended. A more detailed account of the practical aspects
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of modelling has been provided by the Open University (1977), Reading
Development Course. The course booklet included a particularly useful
series of examples of comprehension outcomes which pupils might achieve

on texts of various kinds. (Fig. 4.1).

Fige 4.1 A range of comprehension outcomes.

The following illustratiomsare the kind of models
that might be produced for each passage, and are
intended to provide you with a basis for comparison.

They also contain some errors, which you can look

for.

Roman rule
I Emperor l
I Legate

k.
Army |£rocuralor I | Ciwil Adrmn.]
)

>

N

v

troubiesome
areas

As a province of the Roman Empire, Britain
was under the direct rule of the Emperor who
appointed a governor or Legate. This Legate
was in charge of the military forces and civil
administration. Taxes were collected under
the authority of procurators who were the
Emperor’s stewards. The most troublesome
part of Britain remained under the control of
the army. Other parts were ruled as the
Emperor's estates but most of Britcin was
peaceful and was governed by the local
penple.

(/n History - Government, David Smith and Derek
Newton, Schofield and Sims Ltd. 1972.)
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... Thechanging pattern of settlement
after 1900

PR —— rlbbﬁﬂ dwe'J;:'fﬂmT
12211 housing eses

ﬁ houses

® dormifor. swng

Since 1900 the tendency to move outwards to
the suburbs has led to ribbon development
along the main roads and to the growth of
housing estates in the wedges formed by the
roads. The relatively wealthy have continued
to move outwards to houses built in the
country or surrounding villages which, throug::
their expansion, have acquired the
characteristic appearance of ‘dormitory
towns’. In this way thousands commute dcily
into the metropolis of New York from
settlements in the Eastern part of Long Islaad..
just as thousands travei daily into London
from the outskirts of Mertfordshire and Kent

(Introduction to Human Geography, D. C.
Money, University Tutorial Press, 1957)

The dairy farmer’s year

Jon Feb  Morch April Moy Jume July Aug Ser O+ Nov  Dec
feed animals moke h horyest [MI"
e R rot o [Sae

Throughout the day, Dad’s many jobs vary
somewhat according to the season of the
year. The area in which we live is very wet so
farmers try to keep their stock oft the land
from December until March and have to feed
them indoors during these months. Ploughing
is begun in April. In May kale, cabbage,
swedes, turnips, mangolds and grass seed are
put in the ploughed fields. During June and
Julv we are busy hay-making, and hoeing the
root crops. August and September are fairly
quiet manths on a dairy farm, but during
Octoper and November the root crops are
harvestec.

(Living Geography, Book 1, Mackintosh and
Thomson, Holmes McDougall, Edinburgh,
1967)
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Vitamin sources

carrots.
tomatoes,
green
veg.

Vitamin A is found mainly in fats and the fatty
parts of some foods, so plenty of milk and
butter will help to provide it. Other valuable
sources are fish-liver oils and certain
vegetables, especially carrots, tomatoes and
dark green leafy vegetables. Vitamin D is also
found in butrer, cheese, milk and eggs but the
richest source is fish-liver oils. Sunlight acting
on the skin produces vitamin D in the tissue.
Vitamin C is found in fresh fruit and
vegetables so plenty of these should be
served. In addition orange juice should be
given every day. The B vitamins are found in
wholemeal bread, oats, yeast, liver and dairy
foods. One pint of milk a day will supply all
the riboflavin (B2) which a child under five
needs.

(Adapted from Feeding the under Fives, issued
by the National Dairy Council)
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The development of the embryo

Two months old The embryo at two months
old is only 2.5 cms. long, has rather a large
head - aiready has tiny ears, fingers, toes and
eyelids,

Three months old The foetus is at three
months, 9 cms. 1on? and weighs 14 gms. Nails
have grown on the fingers and toes, the foetus
can move its arms and legs.

s
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Five months old The foetus at five months old
is about 25 cms. Ion% and weighs about

300 gms. Some hair hes grown on the head,
and eyebrows have developed. The baby is
ready to be born at nine months, It is about
50 c¢ms. long and weighs about 330 gms. Its
head is about one quarter of the body length
and has a good coating of hair. The eyes can
open, the skin is red and wrinkly and covered
with a protective waxy substance.

(Source unknown )




The result of modelling main ideas is a measure of comprehension
and an analysis of the models provides information about the specific
difficulties a particular text presents to an individual., Apparent
difficulty in modelling the ideas in a passage may indicate that it
does not contain all the necessary elements, Clearly, if a pupil
cannot represent the ideas in a text as an accurate model, it is likely
to be difficult for that pupil to produce a clear comprehension outcome
in his or her own minde A comparison of models for different passages

allows one to comment on their relative difficulty.
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4,2 The Use of the Questionnaire

Method
Sub jects

The requirement was for fourth form pupils taking an '0' level
biology course whose honesty and attention could be on the whole assured,
It was thus decided that the most suitable subjects would be pupils at the
author's own grammar school. All the pupils knew the author and had been
taught by him during the year of this experiment or during the previous
year, In all, three classes of male fourth form pupils with a mean age

of l4yrs 6 months completed the questionnaire giving a sample size of 78.

Materials

The questionnaire asked the pupils' opinions about three aspects
of readability = linguistic complexity; wunderstanding of the subject
mattery and interest. They were also required to model the main ideas
from passages. The whole guestionnaire as presented to the pupils appears
in Fig.4.2.

The pupils were assigned one of the four test passages described

and used in Chapter III (see Tables 32and33).
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Fige 4.2 The Questionnairse

NAME FORM PASSAGE
Your opinion is required on the passage you have just read, Place a
mark on the line that most accurately expresses your feeling.
l. How difficult was the vocabulary of this passage?
0 0 O 0 0
many hard words several hard most words very easy words childish
words clear

2. How difficult was the sentence structure?

iy e 0 -0 0
long hard some difficult not aware of some sentences childish
sentences sentences hard or easy too simple sentences

sentences

3. How meaningful were the details?

ot rn I (gt g
o

many confusing some details enough details too few details no helpful
details not clear to make it to explain ideas details
clear
4, How well did you understand the main ideas?
main ideas very most ideas could follow had trouble confusing
clear clear the main ideas getting the main not
ideas understood

Explain why the main ideas were easy or hard to understand.

5. How interesting was the passage as compared with other biology passages?

N ) gt I g

good reading fairly neither dull reading disliked
interesting enjoyed or reading it

disliked it

Explain why you found the passage interesting or dull.

6+ When you read the passage, could you visualise its meaning as a model
(diagram)?

0 0 0 0 0
a clear fairly clear could model had trouble couldn't
impression of view the main visualising make a
a model ideas a model model

On the reverse side of this sheet attempt to draw a model of the main

ideas in your passage.

about the passage.

-

You may also include any further comments you have



Procedure

The questionnaire was administered to 3 class groups during the
last term of the academic year 1979-1980. A short informal introduction
was given by the author in which it was explained that he was conducting
a survey and that the questions were in no way a test. Instructions
were given on how to construct models from the main ideas in a passage
using the examples of comprehension outcomes described in Fig.4.l. Any
guestions arising from the instructions were answered.

Each pupil was allocated at random, one of the four test passages
and a copy of the questionnaire., The questionnaires were completed in
relaxed conditions, however provision was made to prevent the children
looking at their neighbour's answers., Adequate time was given for all
pupils to complete their gquestionnaire. Finally, the printed sheets were

collected in to be examined by the author.
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Results

The responses of the subjects to the questionnaire can be divided
quite conveniently into four sections = linguistic complexity, understanding
of the subject matter, interest and the ability to model ideas. Each
section will consist of a table summarising the responses to the various

questions which are then discussed.

Linguistic complexity

Table 4,1 Responses to questions on linguistic complexity.

Question Passage % sub jects
many several most very childish
hard hard words easy
words words clear words
How difficult AM - 64 27 9 -
was the BM 5 - 63 32 -
vocabulary? AG - - 44 56 -

BG - - 33 67 -
long hard some not aware of some childish
sentences difficult bhard or easy sentences sentences

sentences sentences too simple
How difficult AM 9 BS 36 - -~
was the BM 10 50 30 10 -
sentence AG - - 100 - -
structure? BG - 22 33 33 12
A = 'exchanging gases' B = 'lymphatic system!'
M = original passage (Mackean) G - modified passage (Graham)

Table 4,1 indicates that the pupils considered the vocabulary of the original
texts to be harder than the modified texts and that sentence structure of

the original texts was considered to be more difficult that the modified
texts. Despite both modified passages having the same reading level,

the topic 'lymphatic system' was thought to be more difficult than the

topic 'exchanging gases'. It is interesting to note that some of the

pupils commented that the short sentences used in the medified passages

wvere too simple and childish. A surprising result was that whilst 5% of
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the subjects claimed there were 'many hard words' in the original passage
on gaseous exchange (BM), no-one considered there to be 'several hard words',
This result may have been due to confusion ever the definitions of 'many!
and'several',
To sum up, the pupils consider a text to be more readable if:
1) simple vocabulary is used
2) the length of sentences is reduced but not to make the text

childish,

b) Understanding of the subject matter

Table 4.2 Response to questions on understanding of the subject matter.

Question Passage % sub jects
many some enough too few no
confusing details details to details helpful
details not clear make it details
clear
3+ How meaningful AM - Tk 24 5 -
were the BM - 22 45 a3 -
details? AG - 11 89 - -

BG 10 40 50 - -
main ideas most ideas could had trouble confusing
very clear clear follow main getting not

ideas main ideas understood
4, How well did AM 10 27 27 27 9
you understand BM 20 20 30 20 10
the main AG 50 39 13 - -
ideas? BG 50 17 22 11 -
A = 'exchanging gases' B = '"lymphatic system!
M = original passage (Mackean) G - modified passage (Graham)

Many more pupils appear to have found the details less meaningful in
the original texts in comparison with the modified passages. However, Q.3
was poorly constructed and many subjects indicated that they were net too sure
how to respond. 0.4 was more successful and responses indicate that the main
ideas were better understood in the modified passages. Again, the topic

'lymphatic system' appears to be slightly more difficult than 'exchanging

gases', - 70 -
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2.

A number of features were identified by the pupils which they
considered to help or hinder their understanding of the main ideas.
Typical comments were:

Original passages.
'The rather long sentences seemed to stretch your mind and memory.'
'I could not understand all the different words.!

'eeesothere was too much information in the sentenceSesees’

Modified passagss.
'eessethe sentences were not too long.'!
'Easy to understand because it explained them in easy stages

and familiar words.'

The most helpful subjects were those with an average reading ability
because the superior readers identified few difficulties, For example,
one able pupil made the following comment about the original passage on
the 'lymphatic system' (BM):

'Most sentences were clear and not too long.'

A final interesting point is that the subjects considered the textual
material to be at fault rather than their own poor reading skills.
To sum up, the pupils considered the subject matter to be easier
to understand ifs:
1) terms are explained
2) the sentences are short and do not contain too much
information

3) the main ideas are logically presented.
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c) Interest

Table 4,3 Responses to the questions on interest.

Question Passage % sub jects
good fairly neither dull disliked
reading interesting enjoyed or reading reading
disliked it it
5. How interesting AM - 45 15 15 25
was the BN - - 60 10 30
passage? AG 11 61 17 11 -
BG - - 72 28 -
A = 'exchanging gases' B = 'lymphatic system!
M - original passage (Mackean) G - modified passage (Graham)

There was a marked difference in interest between the two topics. The
topic 'lymphatic system' was considered neutral or dull evoking the
typical response:

'It was rather dull as it was useless infeormation to know.!

The topic 'gaseous exchange' generated more interest, probably because
it was considered to be relevant to themselves:

'essssit is what is happening in our body,'

There were also differences in interest between the original and modified
passages. For most pupils the modified passages were interesting
because:

'eesseit was well explained in easy terms and therefore held interest.!

However, the most able pupils again found the modified passages to be:
'eesasochildish and thus less interesting.!
To sum up, most pupils considered a passage to be interesting if:
1) the topic is relevant to themselves
2) the language is not too complex

3) style and presentation is not formal,
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d) Ability to model ideas

Table 4,4 Responses to guestion on modelling,

Question Passage % subjects

clear fairly model trouble couldn't
impression clear main ideas visualising make a model

6. Could you AM - - 41 32 27
visualise BM - 29 11 45 11
its meaning AG 22 44 12 22 -

BG 11 45 33 11 -
A - 'exchanging gases' B = 'lymphatic system!
M = original passage (Mackean) G - modified passage (Graham)

Nearly all the pupils had difficulty visualising the main ideas
in the original passage on 'gaseous exchange' and slightly less trouble
with the topic 'lymphatic system' (Table 4.5). In comparison, the pupils
considered the ideas presented in the modified passages to be easier to
visualise,.

Table 4.4 gives the percentages of pupils that constructed models
which successfully represented the main ideas in a passage, while examples

of these models can be seen in Fig.4.2 a,b,c and d.

Table 4.5 Percentage of pupils successfully constructing models.

Passage 2 sub jects

AM 63
BM 70
AG 89
BG 78
A - 'exchanging gases' B = '"lymphatic system'
M - original passage (Mackean) G — modified passage (Graham)
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Fige.d.32 Examples of the models constructed for the original passage
on 'exchanging gases', (AM)

/

= "“““‘nivaows

Laaponte
- AnHvDdagg

F¥xYEN Dirmsine
: Out

tsnemmnel il i
Coy \_’éﬁ% ExPaleD 4 1 : ey o
ook Sk (TP \ e
| Capricary \"__
Ware R&O CGLLS

T



Fig.4.3b. Examples of the models constructed for the original passage
on the 'lymphatic system' (8M)
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Fige4s c. Examples of the models constructed for the modified ‘passage
on 'exchanging gases'
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Examples of the models constructed for the modified passage

Fige4.3d.
on the 'lymphatic system' (BG)
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Overall, the quality of the models was poor and the best
representations were constructed by the more able pupils, If we first
consider the differences in success for the original and modified
passages it is clear that textual modifications helped the pupils to
construct a model. If we secondly consider the differences in the
models constructed for the two topics, it can be seen that 'exchanging
gases"' was easier to represent than the 'lymphatic system'. 'Exchanging
gases' was represented basically as a two-way movement of oxygen and
carbon dioxide across the walls of an air-sac (alveolus). (see Fig. 4.2
a and c). In contrast, the 'lymphatic system' is a cycle of events, so
most pupils only modelled one part of the system. The diagrams also

tended to lack detail and contain many errors (see Fig. 4.2 b and d).
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Discussion

The questionnaire provided valuable information about the attitudes
of pupils towards the test passages. It was clear that the pupils on
the whole favoured the simpler modified passages. Klare (1963) found
that preferences for reading material were governed by the simplicity
of the text. He also reported that the students generally read more
of simpler texts than those which are harder.

The ansuwers to the guestions on interest indicated that there
were differences in attitude towards the test passages. Most pupils
found the original passages difficult and thus lost interest in them but
there were some pupils who considered the medified passages too childish
and also lost interest, These results have implications for the
classroom because the teacher has to take into account not only the text
but also the particular individual,

Differences in interest were also found for the two topics. The
'lymphatic system' was not considered to be directly concerned with
themselves and thus uninteresting. In comparison, 'exchanging gases'
was thought to have interest value because they could relate to the topic,
It is generally acknowledged that pupils favour the human element of biology
and are more willing to participate in classuwork.

These findings may help to explain the differences between reading
levels and cloze scores for the test passages (see Chapter 3). The
Fry Reading Graph uses a limited number of variables to determine a
reading level while cloze procedure reflects the sum total of all
influences which interact to affect readability. Unfortunately cloze
procedure does not tell us which factors have had a major influence on
the subject. By asking the subjects about the test passages it was found
that interest was an important factor. It is suggested that the less
interesting topic 'lymphatic system' reduced the pupils' performance in
the cloze tests while the high interest topic 'exchanging gases' promoted

student comprehension which raised their cloze scores. Research on
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interest suggests that students comprehend better when they read

passages that discuss topics of high interest to them (Estes and Vaughn,
1973). However, like most previous studies on interest there is the
problem of prior experience. It may be that the pupils knew more about
'exchanging gases' before the present research and thus indicated greater
interest in it.

Interest has played a part in the comprehension of the test
passages and this has implications for the classroom. If the teacher's
goal is to get students to understand seemingly uninteresting material,
he or she can try to generate interest through a variety of means =
such as movies or field trips related to the topic. However, it must
be pointed out that while such activities promote enjoyment, it does not
necessarily help students to understand a topic for which they do not
possess intrinsic interest. Another approach is to present material
with a level of difficulty which minimises the amount of effort necessary
to obtain a certain goal.

Chall (1958) has collected evidence from various sources and
reached some helpful, though possibly anticipated, conclusions. She
quotes a survey by Gray and Leary (1935) in which the content of the book
was found to be the most important factor, with style of writing, format
and organization also affecting interest in decreasing order of importance.
Chall reports a study by Strang in which high school and college students
were asked to list factors which they thought made books readable,
Stylistic factors, such as 'plain everyday English' or 'easy simple
vocabulary'and 'short paragraphs and sentences' were found to be most
COMMON. Content and format were ranked second and third most important
respectively. Chall also reports a study by Engelmans in which children
were found to prefer a conversational style of writing to a narrative
expository style, The format was found to be read more quickly when
reading speed tests were given,

The findings of such studies are useful in providing general bases
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on which to judge the readability of books. However, Gilliland (1972)
states that the subjectivity of interest and the lack of direct control
over it reduces the usefulness of the above conclusions and it is to more
precisely measurable aspects of books that attention must be directed.

The overall ability of the pupils to graphically model comprehension
outcomes from the test passages was poor. This was surprising because
biology uses many forms of illustration to represent subject matter.
Modern maths provides the basis for the development of greater proficiency
in the use of legic which should help pupils to convert the arguments in
a text into a form that makes the relationships clear. It is suggested
that comprehension outcomes in the form of graphic models could enrich
the learning experiences of a childs What is required is realistic and
appropriate training whcih can be incorporated into the curriculum.

The failure of the children to effectively model the main ideas
in the test passages may have been due to:

(1) inexperience in constructing models

(2) poor draftsmanship

(3) low motivation towards the task

(4) lack of comprehension because of the nature of the text.

Keeping in mind the first three factors, the final factor provides us with
a crude measure of text comprehension. A comparison of the quality of
the pupil's outcomes for each of the test passages offers interesting
possibilities,

A comparison of the models constructed for the original and
modified passages indicates that the latter helped pupils to reach a
satisfactory comprehension outcome. An assessment of the models
constructed for the two topics suggests that pupils found it harder to
graphically represent the 'lymphatic system'. Possibly this topic does
not lend itself to modelling because it is hard to illustrate a complex
and dynamic set of ideas, If the 'lymphatic system' is hard to model

it is likely that a reader will find difficulty representing the ideas
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as a comprehension outcome in his or her mind.

To sum up, the guestionnaire was of an exploratory nature only.
1t was not intended for use with a large stratified sample, examining
the responses to different gquestions in detail and applying statistical
analyses., However, in spite of its limitations, the questionnaire did
at least help to answer some of the guestions raised earlier in the study.
Modelling the main ideas graphically is a little explored area that seems
to offer interesting possibilities and it is suggested that more research
time could be profitably spent on this work.

The questionnaire and modelling exercise have helped in making a
comprehensive assessment of the readability of four test passages. It
is important here to emphasize the value of this more general and less
formal method when used in conjunction with other measures, However, all
these traditional techniques have been shown to have faults, To
effectively evaluate the readability of a text new methods are required
which have been designed within the context of an explicit model of the

processes involved in text comprehension,
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Summary

A guestionnaire and a modelling exercise were designed to complement
the readability results obtained by wholly objective techniques. The
questionnaire asked the pupils about linguistic features of the text,
interest and the ability to graphically model a comprehension outcome.

Results confirm that features of the text such as sentence length
make a passage less readable, Interest was considered to be greater for
the topic 'gaseous exchange' than for the 'lymphatic system’'. Reasons
for this difference in interest were put forward and it was suggested
that this factor may have affected scores obtained for the test passages
when cloze procedure was used, The ability to model a comprehension
outcome was poor due to inexperience with the nature of the task, A
comparison of models constructed for the test passages indicated that
there was greater failure with the original passages and with the topic
on the 'lymphatic system'. It was suggested that the 'lymphatic system!
was difficult to represent as a model because it is a complex and dynamic

set of ideas.
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CHAPTER V

AN APPROACH TO READABILITY BASED ON A PSYCHOLDGICAL
MODEL OF TEXT COMPREHENSION

Introduction

Existing research has produced techniques for measuring readability
but there is little understanding of what has been measured. The
traditional approach is an atheoretical one and relies on correlating
plausible text properties with plausible criteria of readability, The
trouble is that typically,neither set of variables is adequate.

Chapter two discussed the problems associated with readability
formulas which are concerned with word and sentence properties at a
superficial level, and so do not directly reflect either the content or
the organization of a text. Reading comprehension is ultimately a process
of acquiring information and the nature and structure of that information =
that is, the characteristics of the meaning of a text = are the real
determinants of readability. It is not doubted that long sentences,
unfamiliar words and abstractness produce reading difficulties; but a
deeper understanding of reading processes should identify other important
variables, A more complex approach to text structure and text processing
requires a model of comprehension,

Cloze procedure was used in Chapt. three which produced results that
did not correlate with results obtained by a readability formula, Although
cloze procedure offers an attractive 'window' into the response of a reader
towards a text, the use of cloze tests as a measure of readability still
requires a fair amount of fundamental research. J.B, Carrell (1972) in a
seminal survey emphasised that there remains a good deal of doubt about
what precisely cloze procedure is testing.

Chapter four described the use of a questionnaire technique to assess
the readability of the test passages. The results of this survey helped

to indicate which factors the pupils judged to be important determinants
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of textual difficulty, The section on graphically representing
comprehension outcomes provided valuable information and appears to be a
relatively unexplored avenue of research. However, on the crucial issue
of the reliability of subjective judgements, too much reliance on people's
intuitions is risky and more direct procedures should be preferred,.

This chapter begins with a look at some of the psychological
models of comprehension that are now available, and then more specifically
a model devised by Kintsch (1974) is described. The chapter continues
with an attempt to apply measures of readability based on aspects of the
model by Kintsch to the same four test passages used in previous chapters,

Results are presented, analysed and their implications discussed,
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5.1 The Nature of Comprehension

1.

Psychologists, primarily in an attempt to explain human memory,
have contributed greatly to our understanding of the comprehension
process. Reading research appears to have shifted away from an
emphasis on decoding and methods of teaching reading towards an
emphasis on understanding how readers comprehend and how to help
students comprehend better (National Institute of Education, 1976).
The major goal of this section is to illustrate the ways in which the
structure of a text can be represented as an outline model of
comprehension,

The plan for this section consists of two parts. First, the
way in which people organize their minds to relate old and new
concepts (simple ideas) will be discussed, For the sake of
convenience, it seemed appropriate to use the words "concept" and "word"
interchangeably, recognizing of course, that concepts are meanings
associated with the surface form of the word as it arises in print or
speech, Secondly, there will be a jump from understanding concepts
to understanding longer units of discourse such as propositions,

sentences and stories,

Understanding concepts

Given the word "“dog", the following words may have come to mind:
cat, bark, pet, Rover (or any dog's name), alsation (or
any breed's name), bite, animal.

Each of these word associations represents a predictable type of

relation to the stimulus word "dog". For example:

The word "animal"™ is the class of things to which dogs belong.
Class relations imply that the stimulus concept belongs to the class

of things denoted by the associative response.

2."™over" is a particular individual while "alsation" is a type of dog.

Both represent examples of dogs and are thus designated example relations.
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"Bark" and "bite"™ are two attributes of dogs and are thus called

property relations.

Relationships such as these have been graphically portrayed in what
is referred to as a semantic network by Collins and Quillian (1969) and
Lindsay and Norman (1972) amongst others. Semantic maps capture the
character of intuitive notions about the similarities and differences
among concepts,

The construction of a semantic map can be appropched by giving
students a word association test in which they are asked to write down
the words brought to mind by each of the concepts being studied, The
list of words produced as responses to a given concept constitute the
associative meaning of the stimulus word for that individual. The
closeness in meaning of two stimulus words can then be measured by the
two response lists. In this way it is possible to discover relationships
among concepts. Physics has been a popular area of science to explore,
using concepts from mechanics (e.g. force, energy, time) and electromagnetism
(e.q. current, resistance)s (E.g. Preece, 19763 Shavelson, 1974 ),

Using word association tasks can also give a quick diagnostic picture
of what pupils already know and need to know about a set of concepts. The
unfamiliar concepts can then be appreoached through the known related
concepts which the pupils do possess.

Semantic maps have proved to be a useful construct for illustrating
certain basic relations among concepts. However, class, example and
attribute relations cannot be used to express all relations among conceptsj
at present, the relations among events or episodes that occur cannot be
represented, Since people understand and remember events or episodes,
semantic maps will be incomplete until a way is found to represent them,
Fortunately, several researchers have developed models which attempt to
take into account the relationships between events. (E.g. Fillmore, 19683;

Frederiksen, 1975; Lindsay and Norman, 1972),
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Understanding longer discourse

Meyer and McConkie (1976) approached the problem by dividing
passages into "idea units", that is, they represented concepts as broadly
defined unitsj each "idea unit" was felt to be a meaningful piece of
information. Their organization and utilization of passages though
reliable, was intuitive, In fact, the authors later found that their
organization agreed well with a scheme of discourse analysis being
developed by the linguist Grimes, The semantic grammar produced
by Grimes has a tree structure whose modes contain content words from the
prose passage. Lines among the nodes show how the content is organized
and labels in the tree structure classify the relationships among modes.

Lindsay and Nerman (1972) have utilized Fillmore's (1968) case grammar
to expand the number and kind of relations that can exist in a semantic
network. In a case grammar analysis of an event, step one is to identify
the basic actionj; step two is to identify the agent - who caused the
action to occurjy and step three is to identify the object = what was

affected? An example may help to clarify these relations,
John is cultivating tomatoes.

Action: cultivating
Agent: John

Object: tomatoes

2280t foprivaTe] —2299¢% 4 [tomatoes |

The action has become the focal point around which all other concepts
in the event revolve. Fillmore (1968) and Lindsay and Norman (1972)
have added several other possible relations among parts of an event

in order to account for normal discourse. For example, consider the
relations which are components of the following sentence (after Pearson

and Johnson, 1978).
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Because Samson was bewitched by Delilah, he cut his hair and lost his

great strength.

m agent EuITDH UbJECt - agent

agent
v
cause m cause LOSE
ob ject l object
W
quality
great

Notice that there are three basic actions - "BEWITCH", "CUT" and "LOSE"
which are linked by causal relations, Notice also that Samson is the
object of one of the actions but the agent of the other two.

Each of the parts of the sentence = "BEWITCH", "CUT" and "LOSE" -
plus the associated agents and objects, and so on, is a proposition,

A proposition can be thought of as a unitary statement about the world.
In simpler terms, a proposition can be thought of as being clauses
(dependent or independent).

Understanding the relations among propositions appears to be
critical to good comprehension. In empirical studies, Kintsch (1974)
and Meyer (1977) have provided evidence to support the conclusion that
propositions are basic units of thought while the relations among
propositions such as cause, purpose, condition and time, carry the thread
of a story or passage in a text.

To review briefly: networks of modes (representing concepts) and
links (representing relations) can be used to illustrate the relations
among concepts in a proposition and the relations between propositions.

To quote Lindsay and Norman, (1972, p.400-401):
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"WYe now have the basic design for the data base underlying
human memory. The memory system is an organized collection
of pathways that specify possible routes through the data base.
Retrieving information from such a memory is going to be like
running a maze. Starting off at a given node, there are many
possible options available about the possible pathways to
follow,. Taking one of these paths leads to a series of
croesroads, each going off to a different concept. Each new
crossroad is like a brand new maze, with a new set of choice
points and a new set of pathways to follow. In principle,
it is possible to start at any point in the data base and,
by taking the right sequence of turns through successive mazes,
end up at any other point. Thus, in the memory system all
information is interconnected."

A number of models are now available which attempt to represent
text structure. However, a model first proposed by Kintsch (1974) was
chosen because it suggests a number of text and reader characteristics which
may help to determine readability. The theory described in the next
section will help one to understand the implications of his model for

the concept of readability.
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5,2 The Kintsch model for the representation of meaning

The model of text comprehension first proposed by Kintsch (1974)
assumes that the basic units of meaning are propositions. Propositions
consist of a number of word concepts, one of which serves as a predicate
while the remaining ones act as arguments. The predicate specifies a
relationship among the arguments in a proposition. Kintsch describes
the ordered list of propositions as being the text base which represents
the underlying meaning of the passage. A full description and
justification of the theoretical system is given by Kintsch and van Dijk
(1978).

It is not a very elegant procedure and it certainly would not
be suitable if one was concerned with the finer points of logic or
semantic analysis, However, it is simple and relatively robust and in
the present study the procedure was simply accepted as it is. What is

gained by analyzing paragraphs in this way? The reason is that two

texts of equal length are not always equally easy or hard to read even when

characteristics of the words and word sequences are controlled (e.g. same
reading level). It appears that there are also properties of the text
base which have to be taken into account.

First, texts may be comparable in word length, but they may differ
in the number of propositions expressed by these words. Kintsch and
Keenan (1973) have systematically varied the number of propositions in a
text base while keeping constant the number of words in the text. They

observed that reading time increased regularly as a function of the

number of propositions in the text base. Reading time depends not so much

on the number of propositions that are expressed in a text but rather on
the number of propositions that a reader actually derives from the text.

Indeed, for the range explored by Kintsch and Keenan, each proposition

processed sufficiently so that it could be produced on an immediate recall

test added about 1.5 seconds to the reading time. The longer the texts

were, the more time was required for the processing of each additional
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proposition, Furthermore, scientific prose required more processing
time per proposition than simple narratives. Obviously, the number of
propositions in a text base is not the only determinant of processing
difficulty, but it is an important one.

AR second property of the text base which affects readability
was identified by Kintsch et al (1975). It is the number of different
arguments that are used in a text base, Texts were constructed which
Ihad equal numbers of words and propositions; but in some passages the
same concepts were repeated whereas in others new concepts were
continuously introduced. Thus, the first kind of te®t had few arguments,
whereas the latter had many arguments. Kintsch et al found the more
different arguments were used in a text base the longer it took subjects
to read the passage for each proposition recalled. Thus, a basic
difficulty encountered in comprehension appears to be establishing new
concepts, whereas repeating an established concept appears to involve
simpler operations,

So far the text base has been described as a list of unrelated
propositions., Clearly, this is not the case. In terms of the processing
model proposed by Kintsch (1974), the text base provides a framework for
the construction of a graph which describes the interactions within the
texts Kintsch and Vipond (1979) tentatively suggest that properties of
this graph structure may also predict reading difficulty. However, these
properties have not yet been proven to affect readability and it is
suggested that they may be a promising area for future research,

Thus, two text base statistics have been shown to affect readability:
the propositional density of a text and the number of new concepts per
proposition, If comprehension really involves the construction of a
text base as proposed in this processing model, these two properties should
be able to predict the level of difficulty for a text. However,
readability is not just an inherent property of texts but is the result

of the interaction between a particular text and particular readers.
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Kintsch and Vipond (1979) suggest that normally, comprehension
makes low demands on a person's resources, Sometimes, however, the
normal processes of comprehension are blocked and the reader has to carry
out resource-—consuming operations before understanding the information,
Kintsch and Vipond assume that each one of these extra operations disrupts
the automatic comprehension process and adds to the difficulty of reading.
Texts requiring many operations that make high demands on resources,
should yield either increased reading times or low scores on
comprehension tests. Comprehension of a text could therefore be
evaluated in a way that considers comprehension time and test performance
because of the trade-off between the two, For example, Jackson and
McCelland (1975) used reading speed adjusted for comprehension as a
measure of comprehension difficulty. Thus an index which combines
reading time and amount of recall should provide a satisfactory index of
processing difficulty.

To sum up, the processing model proposed by Kintsch (1974) offers
us at least three ways of measuring the difficulty of a text. The first
two ways = propositional density and number of new concepts per proposition =
should be able to predict readability based upon considerations about text
structure, The third way = an index of reading time and recall = should
give a measure of reading difficulty, based upon considerations about
comprehension processes.

Fry's Graph, cloze procedure and subjective judgements have been
used in the previous chapters to describe the readability of four test
passages. The main goal of this chapter was to compare the results
obtained using measures based on Kintsch's model applied to these four
test passages with the description of their readability based on

traditional techniques,
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5.3 Analysis of Test Passages

Method
Sub jects

The requirements for this experiment was subjects who were similar
to those described in earlier chapters; that is, pupils who were male
and in the fourth form of a grammar school. It was decided to choose
pupils that the author taught himself thus ensuring 'feedback' concerning
the tasks to be set, Two classes of pupils completed the tasks giving

a sample size of 56 with a mean age of l4yrs 5 months,

Materials

The original and modified test passages described earlier in this
study were used for the present experiment. Table 5,1 summarises the
data which has been collected for these passages, while Fig. 5.1 further

illustrates the differences.
Table 5.1 Test statistics for the four test passages.

AM BM AG BG

No, Words 1185 . 213 107 113
Reading level (yrs) /. il et
Cloze score (%) 45,9 43,2 64,8 48,3

Rank order based on subjective

judgement (4 most difficult) 4 g . 2

Ability to model ideas from

passage (%) 63 70 89 78

A = ‘'exchanging gases' B = 'lymphatic system'

M = original passage (Mackean) G = modified passage (Graham)
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Fige S.1 The rank order of readability for four passages.

Rank order

Difficult Easy
Reading level AM BM (Ac/BG)
Cloze procedure BM AM BG AG
Subjective judgement AM BM BG AG
Ability to model main ideas AM BM BG AG
A = T'erchanging gases' B = !'lymphatic system'
M = original passage (Mackean) G = modified passage (Graham)

First of all, note that cloze scores do not correspond well with the other
data and passages BM, AM and BG are not clearly distinguished. Note also
that the Fry Graph does not predict differences in reading level between
the modified passages AG and BG. The measures however, can be used to
suggest an "average" rank order of the four passages. Beginning with the
most difficult the order is AM>= BM>= BG> AG.

It is further suggested that the differences between the passages
are approximately the same. The author proposes to regard this rank order,
based upon four rather different readability measures, as an index of the
readability of the four passages. The aim of the present experiment is
to match this rank order, based upon considerations about text structure
and comprehension processes that are described in the next part of this

Chapter.

Procedure
Section 5.2 of this chapter suggests two main ways of measuring
the difficulty of a text. The first way - propositional density and
number of new concepts per proposition - are attempts to predict
readability based on an analysis of the text. The sescond way = an index
of reading time and recall = measures the interaction between subject and text,
that is, comprehensibility.
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l, Text analysis

The approach is based upon the model for the representation of
meaning in memory developed by Kintsch (1974). The meaning of a text
is represented by its text base, which is a structured list of propositions.
A proposition consists of a predicate with one or more argumentj arguments
are word concepts or propositions themselves. For convenience, the
concept is denoted by its corresponding wordj however, it is important
to remember that the analysis if not dealing with words at all, but with
abstract concepts. The convention of writing the predicate of a
proposition first has been adopted. Furthermore, the propositions are
numbered so that if one proposition serves as the argument of another,
it can be simply referred to by number and need not be written out again,
Table 5.2 shouws the text base for a short passage., The 9
propositions are ordered in the same way as they are expressed in the text
(i.e. a proposition "occurs" when its predicate or one of its arguments

first occurs), The number of word concepts in the passage is 5.

Table 5,2 The text base for a passage on 'tissue=fluid',
Around the cells of our body is a liquid called tissue=fluid,

It keeps our cells damp and forms a link with the blood vessels.

1. AROUND, (3), (4)

2. OUR, body

3. OF (location), cells, (2)

4, CALLED, 1liguid, tissue=fluid

5. OUR, cells

6+ DAMP, - cells

7. KEEPS, (4), (5), (6)

8. FORMS, tissue=fluid, (9)

9. LINK, cells, blood=vessels.

No. propositions - 9

No. word concepts - 5
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2,

This procedure is explained in more detail by Turner and Greene
(1977), but one modification to this procedure was to consider double
nouns such as tissue fluid as one word concept. Kintsch and Vipond
(1979) suggest that modifications and improvements will not destroy the
system; that is, the same pattern of results should be obtained with a
somewhat modified system, though numerical values would of course be
changed,

The author found this procedure initially difficult to apply and
many subjective judgements had to be made concerning the interpretation
of the rules. To overcome the latter problem, a second teacher was
asked to analyse independently the four passages and arrived at substantially
the same results, The text bases presented in this study were the result
of discussing the independently produced versions and agreement on an
optimum version, It is considered that a consistent approach towards
the analysis of the four passages at least ensured that the results were

comparable,

The interaction between reader and text

The interaction between the subject and test passage was measured in
two ways = time taken to read the passage and ability to recall the same
passage. The tests were administered on separate occasions to 2 class
groups during June 1980,

A short, informal introduction was given by the author in which
it was explained that he was carrying out an experiment that tested the
passages and not the pupils, Each pupil was told that at the start of
the test he' was to start the stopwatch that was provided, read the
passage until he fully understood it and then stop the stopwatch,. The
test passage was to be immediately turned over and on the reverse side
they were to write all that they could recall of the passage. The pupils
were familiarised with the procedure by a trial run with a practise

passage.
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Each pupil was allocated at random, one of the four test passages,
The experiment was conducted in relaxed conditions, however provision
was made to prevent the pupils from cheating, Adequate time was given
for all the pupils to finish the task. Finally, the author recorded
the reading time for each pupil and collected in the test papers for
analysis.

Recall of complete propositions was scored with no distinction
being made between verbatim or paraphrase recall, Partial recall,
inferences and errors were neglected. When a subject made an error in
one proposition which affected a related proposition, the related
proposition was scored as correct, This prevented the counting of errors
more than once. For instance, a pupil may have written:

'Around the cells of our body is a liquid called serum.

It keeps our cells damp and forms a link with the blood

vessels,!

The first proposition would have been scored as incorrect because of
the substitution of "serum" for "tissue fluid". However, the next
proposition would be correct because whatever the liquid is called, it

keeps our cells damp,
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1.

Results

Text analysis

The analysis translated the four passages into text bases which
are presented in Appendix 3. Table 5.3 gives details of the number of
propositions which occured in each text base. Because the texts differ
in length, values per 100 words are reported rather than actual numbers
to facilitate comparison, A second text base statistic that is said to
affect readability is presented as the number of concepts per proposition,
The predicted rank orders of difficulty based on this data can be found

il'l Fig.E.:—’l.

Table 5,3 The number of propositions and word concepts in the text
bases of the four passages.

Test Passage

AM BM AG BG
Number of propositions 217 28,3 22.4 23.9
per 100 words
Number of arguments 0.76 0.56 0.625 D.48
per proposition
A = 'Gaseous exchange' B = 'Lymphatic system!

M = Original passage (Mackean) G = Modified passage (Graham)

Fige S.2 Rank order of readability as predicted by characteristics
of the text base.

Difficult Easy
No, of propositions per 100 words BM BG AG AM
No., of arguments per proposition AM AG BM BG
A = 'Gaseous exchange' B = 'Lymphatic system'

M = Original passage (Mackean) G = Modified passage (Graham)

The results suggest that neither the number of propositions per
100 words nor the number of word concepts per proposition predict the
same rank order of reading difficulty as suggested by the readability

data presented in Table 5.1.
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The two text base characteristics described above are both
said to play an important part in determining readability (Kintsch
and Vipond, 1979). However, it must be appreciated that these two
characteristics probably interact with each other to affect
readability,

A number of attempts were made to express the relationship betuween
the number of propositions per 100 words and the number of word concepts
per proposition in the form of an index. Unfortunately none of these
attempts produced an index which could successfully predict the

expected rank order of the four test passages.
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2. The interaction between reader and text

Table 5.4 presents the details of the mean times taken for
the subjects to read the test passages with understanding and their
standard deviations, Similar statistics are presented for the percentage

recall of propositions.

Table 5.4 Mean reading times and percentage recall for the four passages.

Test Passages

AmM BM AG BG
Time per 100 < 221,0 180,5 146,0 169.0
words (seconds) 5D 83.8 80,1 91,3 58,4
N 14 14 14 14
Percentage recall x 31l.4 31.2 44,95 37.0
of propositions SD 15.7 14,9 l4.6 14,9
N 14 14 14 14
A = 'Exchanging gases' B = 'Lymphatic system!

M = Original passages (Mackean) G = Modified passages (Graham)

A one way analysis of variance, treating the test passages as random
variables was carried out for both reading time and percentage recall,
(Table 5.5),

Table 5,5 One way analysis of variance for reading time and percentage
recall of propositions (full details can be found in Appendix 4),

Analysis Source of 85 DF MS F. Sig of F
Variation
Reading time texts 41449,6 3 13816.5 2,0 0,124
Recall texts 1743,65 3 58l.2 2,6 0,063

Table 5.5 indicates that there were no significant differences
between the test passages for either measure, The results were
confounded by the large amount of variation to be found within the
groups of scores for each passage. For example, a multiple R squared
analysis for time, indicated that only 10,4% of the variation was between
the test passages while the remaining 89,6% described the variation

within the passages.
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Kintsch et al (1975) suggest that there is a trade-off relationship
between reading times and the recall scores, making both measures
difficult to interpret, A more suitable index of houw di?Fi:ulE a
particular text is,would be a measure that combines both reading time
and recall, Table 5.6 presents the number of seconds of reading time
per proposition recalled (Tcall), while Table 5.7 presents details of a
one way analysis of variance treating the test passages as independent

variables,

Table 5.6 pyerage reading time in seconds per proposition recalled (Tcall),.

Test Passage

AM 8M AG 3G
Tcall 7.0 5.7 325 4.6
A = 'Exchanging gases' B = 'Lymphatic system!
M = Original passage (Mackean) G - Modified passage (Graham)

Table 5.7 One way analysis of variance for Tcall. (full details can be
found in Appendix 4),

Analysis Source of
Variation 55 DF ) Faansig ef F
Tcall Texts 223,9 3 74.6 2.2 0.099

Unfortunately much of the variation was  within the test passages and
the differences between the mean Tcall scores were not significant.
However, the data obtained by the measure Tcall places the test passages

in the following rank order of difficulty:
A > BM > BG > AG

which is the same rank order as predicted on the basis of evidencs

collected earlier on in this study (Fry's Graph, cloze procedure,

sub jective report).
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Discussion
The processing model described by Kintsch allowed the author to
ask a number of interesting questions. However, the purpose of this
experiment was not to justify the theoretical system but to:
1) attempt to predict textual difficulty by the number of propositions
per 100 words and number of word concepts per proposition in the text
base of each passage;
2) determine the comprehension of a passage by an index which incorporated

reading time and recall of propositions,

l. Text analysis

A number of studies (e.g. Kintsch and Keenan, 1973; Kintsch et al,
1975) have identified two text base statistics that appear to affect
readabilitys: the propositional density of a text and the number of
concepts per proposition. If comprehension does involve the construction
of a text base, it is sasy to see why the number of propesitions should
play a role. Their second finding is not as obvious, but it has some far=
reaching implications, Introducing a new concept is harder than repeating
an old one which suggests that the repetition of concepts might serve
an important function in the formation of a text base.

In this study, the number of word concepts per propesition and the
number of propositions per 100 words did not predict the expected rank
order of difficulty. However, there are a number of reasons for this
result. The work of Kintsch and his associates used passages with
large, clearly defined differences between the numbers of propesitions
and concepts; whereas the differences between the test passages used
in this study were much smaller and less definite. For example, all
the test passages had a ratio of concepts to propositions which would
have placed them in a group of paragraphs classified by Kintsch et al (1975)
as having many different concepts,

Another difference between the passages used in this study and

those used in previous studies is that the former are "real" while
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the latter were constructed so as to control all the features of the
text other than the one to be tested. Even so, not all the differences
reported by Kintsch et al have been statistically significant and they
point out that:

'+.....there are numerous other, mostly unexplored factors
that affect reading difficulty.’

Thus in order to obtain empirical evidence concerning the readability of
"real" texts, there are a large number of subsiddiary factors that have to
be taken into account.

The analysis of a text can be taken a step further, because in
terms of a model of comprehension, a text base must have some kind of
property that distinguishes it from an arbitrary list of propositions.
The problem of text cohesion is an old one to which a good deal of effort
has been devoted by linguists and logicians, Clark (1976) talks about
the importance of "bridging" in text comprehension while Haviland and
Clark (1974) have shown that subjects can comprehend a sentence more
rapidly if "connected" to a preceding sentence.

The model by Kintsch solves the problem of coherence by connecting
propositions if they share a common argument. For example, (P,A,B) is
coherent with (R,B,C) because the two propositions share the word concept
B; (P,A,B) is also coherent with (Q,D, (P,A,B))because one proposition
is embedded here as an argument into another, The sharing of a common
argument is not a sufficient criterion linguistically; however, the
fact that in many texts other factors tend to be correlated with it,
makes it a useful indicator of coherence that can be checked easily,
quickly and reliably. Thus the formation of a text base is formally
equivalent to the construction of a graph in which propositions that
share an argument are connected to the proposition that first introduced
that argument., A full explanation and verification of the procedure,
which also has to take into account inferences and memory storage, is
given by Kintsch and van Dijk (1978).
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The implications of the analysis outlined above for readability
have been given by Kintsch and Vipond (1979), who propose that a number
of variables might be important. For example, the number of separate
graphs for each text that result when a coherent network is constructed,
could influence readability. A text base that breaks down into several
unconnecteéd parts should be harder to recall than an otherwise equivalent
but coherent onej the lack of coherence should produce retrieval
difficulties.

In the context of this study it is suggested that the topic
'lymphatic system' was harder than expected because the reader had to
carry out a greater number of resource consuming operations to determine
which propositions to retain from each series of events in short term
memory so as to make connections with the next set of input propositions,
A reader with a poor selection strategy or a short memory retention when
reading about a complex series of events might have had all kinds of
problems,

1t must be stressed that at present, it is not known which factors
of the text base other than the density of propositions and the number
of concepts per proposition are important. However, the author considers
that other variables are worth investigating in a formal way and that some
of the variance not accounted for might have its source in just these

factorse.
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2o Measuring the interaction between reader and text

The goal of this part of the experiment was to match the rank
order of readability based on data from measures described in previous
chapters, with a rank order based on a measure of reading time and
recall (Tecall). Tcall discriminated between the four passages and
their rank orders were successfully matched. Thus it can be concluded
that the goal has been achieved and that Tcall may now turn out to be
a new powerful measure of readability. However, there are three

criticisms of the present study which are outlined below:

l. The reliability of Tcall as a measure is open to question
because of the variability of results obtained for each passage. In
this experiment the differences in Tcall between the four passages were
not statistically significant. Some of the variability of results may
have been due to the procedure which was crude in comparison to the work
of Kintsch and his associates. It is also suggested that future studies
use a much larger sample size even though this would considerably increase

the burden of administration and scoring.

2. In order to reduce the problem of analysing prose recall
to manageable proportions, severe limitations were placed upon the
approach to scoring. Recall was only looked at in terms of the
reproduction of propositions actually stated in the text. Correct
inferences, partial recall and the reconstructive aspects of recall
were ignored.

A theory based approach that is more concerned with the
reconstructive aspects of recall is that of Frederiksen (1972, 1975).
He showed that when subjects were given a number of trials at reading
and recalling the same passage, the number of overgeneralised and
inferred concepts and relations increased. Such an increase in
responses which do not reproduce text cuntent,.reflsct processes
fundamental to the acquisition process and not just attempts during

recall to fill in gaps in a subject's memory structure.
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One interesting area for further research would be to score
recall using, for example, Frederiksen's method, which could then be
incorporated into the measure Tcall. Research of this kind has

numerous possibilities and could provide some interesting results,

3. Not everyone agrees that models of comprehension will help
to improve educational technology., Marcel (reported in Underwood
and Holt, 1979) at a symposium on 'Reading and Lexical Access'
presented a paper which questioned the use of this type of model,

He looked critically at models of comprehension and doubted their
general usefulness and validity. This controversial view may be
correct, but whether we can come to an understanding of what is

involved in reading without a model remains to be seen.

In sum, this chapter has shown that recent research on text
comprehension has many implications for the concept of readability.,

It is realized that by analyzing a few examples, nothing has been
proven, However, these analyses suggest many areas which require
research through a series of converging experiments within the framework
of the model.

A text analysis of the passages indicated that the number of
propositions in 100 words and number of concepts per proposition were
not sufficient to predict difficulty. It is quite probable that
further research will identify other factors that make a text easy or
hard to read. However, readability is not just an inherent property
of a text but is the result of the interaction between a particular
text (with its text characteristics) and particular readers (with their
information=-processing characteristics). Thus, for example, the
effect of motivation towards the topic 'lymphatic system' has to be
taken into account. Readability must be defined for specific texts

and specific readers.
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The measurement of reading time and recall (Tcall) for the
four passages provided encouraging results, Further research is
clearly necessary to clarify the procedure so that the measure is a
reliable one. However, the evidence is that Tcall can be considered
a useful measure of the readability of a text. Its usefulness is that
like cloze procedure it measures the interaction between reader and texts
and unlike cloze procedure, Tcall is based on sound psychological theory.
The measure was also able to distinguish between the passages in a way
that required a number of traditional measures of readability. In
sub jects such as biology where much of the difficulty is not just due
to the language, this tool might prove of invaluable assistance to the

research worker, author and teacher,
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Summary

The chapter began with the arguments for measures of
readability based on a psychological model of comprehension processes.
The representation of the structure of a text as an outline model of
comprehension was discussed. More specifically, a model of
comprehension devised by Kintsch was described and its implications
for the assessment of readability were pointed out.

The results of readability measures described and used in
previous chapters provided a rank order of difficulty for the four
test passages. The aim of this chapter was to match this rank order
by measuring textual difficulty using two measures based on Kintsch's
model. The first measure predicted readability through the analysis
of the passages for the number of propositions and the number of new
concepts, The second measure was an index of reading time and recall
(Tcall) which takes into account the interaction between reader and
text.

The result of the textual analysis did not successfully predict
the rank order of the passages. Further research is required to
determine which other factors of the text base are also important
determinants of reading difficulty. The measure Tcall successfully
placed the passages in the same rank order; however, the differences
between the passages were not statistically significant. It was
concluded that Tcall should be adopted as an alternative approach to

the measurement of readability.
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CHAPTER VI

CONCLUSTONS

Introduction

'Miss Marple gave her attention first to the main
news on the front pages.....3; from that she passed
to the Court Circular, on which page today's news
from the sale room could also be found,. A short
article on science was often placed there, but she
did not propose to read that. 1t seldom made
sense for her.'
Agatha Christie (Nemesis).

Even though new educational procedures and materials are being
developed, the textbook remains the basic tool of the biology teacher,
Gould (1977) reports that textbooks are used in approximately 60% of
biology lessons, which confirms the view that teachers still regard it as
an important teaching aid, This widespread belief in the value of the
textbook prompted the author to ask three questions:

l. Houw readable is textual material in biology and can the

factors that contribute to reading difficulty be identified?

2. What are the optimum conditions required to apply traditional

measures of readability to biology texts and how useful are
the results that are obtained?

3. Can new measures of readability be developed which are based

on a psychological model of comprehension?

In this chapter, the author will attempt to answer in turn, the three

questions outlined above,
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6.1 The readability of biology texts

The most important implication of the findings in this study for
biology teachers and textbook authors is that the demands made on
children by the texts currently in use are excessive. The results
suggest that teachers should be aware of the possible reading difficulties
imposed by the textbooks they use even with '0' level ability pupils and
should make allowances in the ways they employ them in lessans. Certainly,
the teacher who knows of these problems can guard against such undesirable
practice as uncomprehending, wholesale copying of sections of the book
instead of note taking. Particular attention should be paid to the
difficulties for average and below average ability candidates for the 'CSE!
exam and for all pupils working at home without aid, There is a danger
that with a wider spectrum of ability now common in many classes and less
money to spend on textbooks, teachers will purchase class sets of books
that only cater for the more able pupils, The long term goal must be for
authors and publishers to provide the schools with textbooks whose level
of difficulty is more carefully controlled. Indeed, Gould (1977)
suggests that publishers are beginning to receognize the need for this with
some of their most recent books, In the short term, the present shortage
of textbooks in many of the schools may not, in fact, be such a serious
problem = without them the pupils may be making more sense of their bioloagy
classes,

The second implication of this investigation is that readability
is not somehow an inherent property of texts but is the result of the
interaction between a particular text (with its text characteristics)
and particular readers (with their individual characteristics), It is
clear that language alone does not always correctly predict the
readability of a biology text. In this study the topic 'lymphatic system!
was found to be more difficult than predicted by Fry's Graph. The topic

consisted of a set of complex and dynamic ideas which caused the pupil
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to experience conceptual difficulty, Pupils showed little interest
in the topic, possibly due to frustration, or because they did not
consider the 'lymphatic system' to be relevant to themselves, It is
suggested that topics such as the lymphatic system should be taught in
the final year of the exam course. This means that the pupils, being
older and well motivated, are more likely to cope with difficulties.
Gould (1977) found, in his survey of the use of books during
lessons, that 36.5% of the use of textbooks was for the examination of
illustrations, Diagrams are an important part of any biology textbook
and children appreciate them because they aid comprehension, One pupil,
when asked about the readability of the topic 'lymphatic system' made
the following comment:

"You can't understand that without pictures, They
would make the reading more clear,"

This study did not consider the contribution of illustrations even though
it is an important issue, It would be interesting to present to
parallel groups of pupils, matched for reading ability, the same passage
without illustrations and with various kinds of illustration in order to
assess the contribution that the illustrations make to understanding of
written material, There is some evidence that there is greater learning
from a line diagram. (Dwyer, 1967).

Is readability important? Quoting from Chall (1958):

"Readability is now the concern of all those who
depend upon communication through the printed word."

Klare (1975) has conducted a number of carefully controlled studies
in which he has shown that if you take two groups of readers who are
equal in reading ability and give them exactly the same comprehension test,
those given a more readable version of the test passage will learn and
understand more,

Thus pupils will read with greater understanding if the readability
of textual material is improved, However, it must be pointed out that

there will also be greater understanding if the pupils are encouraged to
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improve their reading ability. Gillard (1975) found that reading
skills in science did not improve as skill in reading for English
lessons improved, and he urged that these special science skills should
be taught. Various recommendations by, for example, Fay (1965),
Niles (1969) and Bullock (1975) include:
(a) learning to make a preliminary survey of the reading matter
(b) knowing hou to establish a purpose for the reading to be done,
by asking appropriate questions
(c) learning to interpret the graphical and illustrative content
(d) developing the ability to summarize
(e) learning to scan and skim, so that the most important
material receives most attention
(f) acquiring the ability to find, understand, and combine
information from several sources,

(After Carrick, 1978).

It is hoped that there will be increasing awareness by teachers of
the difficulties arising from reading, and that this will lead them to
help to make biology more accessable to their pupils, Teachers can help
by improving the readability of the textual material presented and by
developing pupils' reading skills, 1In this way children may spend less
time reading like Coleridge's sponges, sand glasses or strain bags, and

more time reading like his mogqul diamonds,
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6.2 An Evaluation of Traditional Measures of Readability

Three traditional measures of assessing readability have been used
in this study = Fry's Graph, cloze procedure, subjective judgement.
The purpose of this section is to comment on the optimum conditions
required to apply these measures and critically evaluate the usefulness

of the results that are obtained,

fry's Graph

Fry's Graphical technique was found to be speedy and easy to use,
while the work of Harrison (1979) suggests that it is reliable. However,
there is the danger that the technique could provide an inaccurate
estimate of readability if the following points are not kept in mind.
First, results from this study suggest that 10% of a textbook's pages
should be sampled. Second, an average reading level is probably
meaningless because the present generation of biology textbooks have
passages which range from 11 to 18 years, Third, it is essential to
remeber that the formulae take account of the number of syllables and the
sentence only. These are known to be closely related to overall complexity
of language structure but the contribution of other factors are being
ignored,

Despite the limitations of Fry's Graph, the author considers it to have
an enormous value as an objective measure of the prose difficulty of a
passage and thus assisting the individual teacher in the important task of

choosing suitable material,

Cloze Procedure

When cloze procedure is applied, both reader and text are assessed
simultaneously by the use of one measure. This undoubtedly gives the
procedure a greater face validity than other traditional measures of
readability, There are, however, a number of important reasons why the
author has misgivings about this technigue. First, it is clear from the

results of this study that it is essential to use each possible version of
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a passage. Only in this way can one be certain that every word has been
taken account of, and that an unreliable result will not be obtained by a
single version which happens to delete a particularly difficult (or easy)
set of words. Second, it is unlikely that a cloze test would produce a
reliable result if only used with a small group of children. In this
study, individual results on any one of the test passages showed a good
deal of variation. Third, it is hard to draw many conclusions about the
readability of a textbook when only a small sample of texts have been
subjected to cloze procedure,. The problem is that it is difficult to
have a large sample size because of the burden of preparing and
administering each cloze test.

To sum up, these considerations seem to suggest that unless cloze
procedure is used with great care and in a systematic way, as an indicator
of readability, cloze scores will be unreliable and may be misleading.

A fair amount of fundamental research will be required before cloze

procedure can be considered a reliable and valid measure of readability.

Sub jective judgement

Despite the many disadvantages of the guestionnaire technique, the
author found that the results made an important contribution towards the
understanding of the readability of the test passages. By classifying the
pupils' responses to the questions, the author was able to guard against
sweeping and ambiguous statements, However, the questionnaire was of an
exploratory nature only and the small sample size would have made a
statistical analysis of the responses impractical. In fact, it was found
that the "open ended" questions provided the most useful information
because the pupils were able to give their own opinions about any aspects
of the text that they found difficult. In sum, even though the type of
questionnaire described in this study may be considered to be an un=refined
technique by many researchers, it is of value to the teacher. Armed with
the opinions of the pupils, the teacher can be conseguently more accurate

with his or her choice and presentation of suitable material,
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The questionnaire also included an exercise which tested the pupils'
ability to translate a set of ideas from one of the passages into a graphic
model, The results provided the author with comprehension outcomes that
were easily analysed. At present, modelling comprehension outcomes is
a little explored area but it offers interesting possibilities for the
future, First, with no convenient tools for measuring conceptual difficulty,
the construction of models could go a long way towards helping teachers
made an assessment of a text. Second, the training needed to construct
models seems likely to be of value in improving pupils' comprehension of
biology texts.

It is not doubted that the traditional measures can be of practical
assistance to the teacher but there is little understanding of what has
been measured, Throughout this study the reliability and even the
validity of these traditional measures has been questioned. New methods
are required which have been designed within the context of an explicit

model of the processes involved in text comprehension.
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6.3 Measures of readability based on a psychological model of comprehension

For nearly ten years, psychologists showed little interest in
readability. The number of references per year made to this subject in
the Psychological Abstracts from 1965 to 1975 are close to zero. In
contrast, readability has been of considerable practical significance
to educationslists, During the same ten years, the number of references
per year made to readability in the Education Index was high = unfortunately,
there was little theoretical progress. However, recent advances have
resulted in a number of models of reading comprehension and there is
renewed interest amongst psychologists because these models appear to
have some powerful implications for the measurement of readability.

This study chose a model of comprehension devised by Kintsch (1974)
because it offers two new ways of measuring readability:- first, by
analysing the text and second, by measuring the interaction between

reader and text.

Text analysis

The model by Kintsch suggests that there are a number of
characteristics of the text which determine readability. Of these,
the number of word concepts and propositionswere chosen to measure the
readability of the four test passages, However, neither measure, nor an
index of the two could correctly place the passages in the correct rank
order of difficulty. There are two main reasons for this result,

First, the two characteristics of the text base are probably not
the only important determinants of reading difficulty, and further
research is required to identify these content variables, Second,
Kintsch and his associates wished to emphasise the characteristics of
the text that they were studying and thus created 'artificial passages'.
This study used 'real' passages that is, there was no control of the
many textual factors that determine readability,

To sum up, text analysis is not yet a reliable measure of
readability because not enough is known about the content variables that
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significantly affect comprehension, However, when more is known
about these content variables the approach outlined above could have

powerful implications for a redefinition of the problem of readability.

The interaction between reader and text

Unlike most measures of readability, the use of reading time and
recall is theory dependent. Recall of a text (or summarizing, if the
text is long) bhas not been used as much as it should be as a criterion
variable in readability studies. The reason lies in the impossibility
of scoring recall protocols without some theoretical foundation. Scoring
for meaning (if it is not to be arbitrary) presupposes a model for the
representation of meaning. A number of such models are now available
and a wider use of the recall technique is expected. However, if one
is interested in comprehensibility, recall scores can never be considered
in isolation, because they depend on reading times (Kintsch et al, 1975),
Thus, neither reading time nor amount of recall alone provides a
satisfactory index of processing difficulty, but only their combination.

When the index Tcall (reading time per proposition recalled) was
determined for the four test passages, the results placed the passages
in their correct rank order of difficulty. In fact, the scores also
correctly indicated how difficult each passage was in comparison to
the others. The author realizes that by analyzing a few examples
nothing has yet been proven, But a research programme to investigate
readability by the measure Tcall would be promising, If the measure is
found to be reliable and is subsequently adopted by educationalists,
then this study will have made a small contribution towards improving

the disturbed relationship between education and psychology.
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Appendix 1

Subjective guidelines used to modify texts taken from a textbook by

D.G. Mackean in the direction of increased readability.

A, Organization
l., A logical sequence of events
2. Reduction in sentence length
3. Utilization of sentences and paragraphs to express concepts

4, Minimisation of detail contributing little to the main ideas

B. Vocabulary
l. Replacement of difficult terms
2. Cueing of significant and difficult terms
3. Defining difficult terms

4, Repetition of new terms once introduced

Ce INnterest

le A natural manner of presentation
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Appendix 2

Further details of readability statistics reported in Chapter 3.

Table 3.6 Analysis of variance, topics by authors using values from

individual versions.

Version 1
Source of Variation

Topic
Author

2=way interaction
Explained
Residual

Total

Version 2
Source of \Wariation

Topic
Author

2=-way interaction
Explained
Residual

Total

Version 3
Source of Variation

Topic
Author

2=way interaction
Explained
Residual

Total

SS

1784.0
466742

314,.9
676641
276646

9532,7

S5

62.4
43844

67.9
56847
5964 .6

6533,.4

S§

751,.9
1140.5

60644
2498,.8
650543

S004,1
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DF

=

24

27

DF

24

27

DF

24

27

MS

1784.0
4667,.2

3.4.9
225544
11S5.3

3583.1

MS

62.4
438.4

6749
189.6
248,5

242.0

M5

751,.9
1140,5

606.4
832.9
271.1

333.5

Sig of Fa

0.001
0.001

0.111

0.001

Sig of

0.621
0.197

0.606

0.526

Sig of

0.109
0.051

0.148

0.47

Fe

Fe



Version 4

Source of Variation 89 DF MS B 5ig of Fe
Topic 1398,9 1 1398.9 845 0.008
Author 0.01 1 0.01 0.0 0.994
2=-way interaction 2471.3 1 2471,3 15,0 0,001
Explained 38735 3 1291.2 7.8 0.001
Residual 346542 21 165.0

Total 7338,7 24 305.8

Version 5

Source of Variation 5SS DF MS F Sig of F.
Topic 1.04 1 1,04 0.01 0,918
Author 3374,.8 1 3374.8 35.1 0.001
2=-way interaction 2937.6 1 2937 .6 30.6 0,001
Explained 6313,5 3 2104,5 21,9 0,001
Residual 2305.4 24 96.1

Total 8618,9 2 319,2
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Appendix 3 Proposition lists for the four test passages,

1., ORIGINAL PASSAGES

Ao 'EXCHANGING GASES' (AM)

1, LINING, alveoli
2. COVERED (with), (1), (3)

3. FILM, moisture

4, CONCENTRATION, oxygen

5. IS LOWER (than), (4), alveolus, blood

6. HENCE, (5)

7. IN (location), oxygen, air-space

8. DISSOLVES (in), (7), (3)

9, DIFFUSES (through), oxygen, epithelium, capillary-wall, plasma

10, DIFFUSES (into), oxygen, red-cell
11, COMBINES, oxygen, haemoglobin

12, KEVUNITE, capillaries

13, FORM, (12), pulmonary=veins

14, RETURN, pulmonary-vein, (15), (16)
15, DXYGENATED, blood

16. LEFT, atrium, heart

17, LOW CONCENTRATION, carbon-dioxide, alveoli
18, STIMULATES, (17), (19)

19, CALLED = enzyme, carbonic-anhydrase

20, IN (location), blood

21, BREAKDOWN, (19), bicarbonate-salts

22. LIBERATE, bicarbonate-salts, carbon-dioxide

23, DIFFUSES (into), gas, alveoli
24, 1S EXPELLED, gas
25, EVENTUALLY (time), (24)
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Be

'LYMPHATIC SYSTEM' (BM)

1,
2.
3.

4,
S.

6o
7e
Be
9.
10,
11,
12,
13.

14,
15,
16.
17.
18,
19.
20,
21,
22,

23,
24,

25.
26,
27,

28,
29,
30,
31,
32,

ONLY, route
ARE NOT, capillaries, (1), (3)

RETURN, tissue=fluid, circulation

SOME, tissue=fluid
RETURNS, (4), lymphatic-system

IN, proteins, tissue=fluid
UNABLE (to), (6) (8)
RE=-ENTER, capillarises

SO DRAIN (6), (10), (11)
BLINDLY-ENDING, vessels
THIN=WALLED, vessels
Founo, (10), (11), (13)
BETWEEN, cell

JOIN UP, lymphatics

FORM, (14), (16)

LARGER, vessels

UNITE, (16) (19)

MAIN, ducts

Two, (18)

EVENTUALLY, (17)

LARGE, veins

ENTERING, (21), right=atrium

IN, fluid, lymphatic-=vessels
IS CALLED, (23), lymph

COMPOSITION, lymph
SIMILAR TO, plasma (25) (27)
CONTAINS LESS, proteins

CONTAINS, lymph, (29)

CERTAIN, (30)

TYPE, white=cell

NAME, (29), lymphocyte

MADE IN, lymphocyte, lymph-glands
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THE MODIFIED PASSAGES

'EXCHANGING GASES' (AG)

1.
2.
3
be

5.
6o
Te
Be

9.
10.

11.
12.

13,
14,
15,

16,
17.
18,

19,
20,
21.
22.

23,
24,

INSIDE, (2), (3), (4)
YOUR, lungs
SMALL, air-sacs

CALLED, air=-sacs, alveoli

HAVE, sacs, walls
DAMP, walls
DISSOLVE, gases, (8)
DAMP, layer

AROUND, air=-sacs (10)
MANY, blood=-vessels

CONTAIN (less), blood-vessels, oxygen
CONTAIN (more), air-sacs, oxygen

so, (11), (12)
MOVES, oxygen

INTO (location), air-sacs, blood

AROUND, blood=vessels, air-sacs
CONTAIN, blood=-vessels, (18)

LOT (amount), bicarbonate-salts

BREAKS DOWN, enzyme, bicarbonate-salts
GIVE (result), bicarbonate-salts, carbon-dioxide
LESS (amount), carbon-dioxide, air-sacs

LESS (than), blood-vessels, carbon-dioxide

so, (21), (22)

PASSES, carbon-dioxide, blood, air-sacs

- 133 =



B. 'LYMPHATIC SYSTEM' (BG)

1. AROUND, (3) (4)

2. OUR, body

3. OF (location), cells, (2)

4, CALLED, liquid, tissue=fluid

5. OUR, cells

6. DAMP, cells

7. KEEPS, (4), (5) (6)

8. FORMS, tissue-fluid (9)

9, LINK, cells, blood=vessels

10, NEED, (5), substances
11, PASS (out), (10), blood-vessels
12, PASS (into), (10), tissue-fluid

13, PASS (into) substances, cells

14, MADE, (5), anything
15, PASS (into), (14), blood-vessels
16, SAME wAY, (11), (12), (13)

17. MADE, (5), substances
18, NOT RETURN, blood-vessels, fluid

19, DRAINS (INTD), (20), ducts
20, SOME, fluid, (17)
21. BETWEEN, ducts, cells

22. PART OF, ducts, lymphatic-system

23, INSIDE, fluid, ducts
24, CALLED (23), lymph

25, SIMILAR TO, lymph, blood
26. VERY, (25)
27. CONTAINS (less), lymph, protein
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Appendix 4

Further details of readability statistics reported in Chapter 5.
Table 5,5

(a) One way analysis of variance for reading time,

Source of variation 58S DF MS I Sig of Fe.
texts 41449,6 3 13B16.5 2.0 0.124
residual 356951,8 52 6864 .5
total 398401.4 55 7243,7

(b) One way analysis of variance for recall,

Source of variation 5§ DF MS F Sig of Fa.
texts 1743.6 3 581,.2 2,587 0.063
residual 11682.5 52 224,7
total 13426.1 55 244,1

Table 5.7

One way analysis of variance for Tcall.

Source of variation 55 DF MS F Sig of F.
texts 223.9 3 7446 2.2 0,099
residual 1761.0 52 33.9
total 1984.9 55 36.1
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