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ABSTRACT

The purpose of this study was to determine if the method 
proposed by McCuaig and Hutchings for estimating readability vari
ation within textbooks using the Fry Readability Graph was valid.

The assumptions made by McCuaig and Hutchings as well as 
their method itself were empirically tested on a selected number 
of books. It was found that the McCuaig and Hutchings method 
overestimates the percentage of passages within a text at any 
given grade level. " An explanation of this overestimation is pre
sented and a correction to the McCuaig and Hutchings method 
offered.



CHAPTER 1

INTRODUCTION

Scholars have been interested in assessing the difficulty 
of reading materials since the turn Of the century (Klare 1963). 
In its earliest beginnings, this assessment amounted to little 
more than the compiling of vocabulary lists and the corresponding 
frequency of occurrence with which these words appeared in print 
(Thorndike 1921). Kitson (1921) compared four periodicals of the 
time in terms, of both syllable count and sentence length. He 
found that the so-called "high-brow” periodicals differed from 
the "low-brow" periodicals in that the high-brow articles had 
higher syllable counts per word as well as longer sentence 
.lengths.

Following Kitson’s study, Lively and Pressey (1923) pub
lished what could be considered the first ’’true” formula for the 
assessment of readability. Their procedure involved sampling 
words from a text and then assigning a value to them based on 
their frequency of occurrence in print as given by The Teacher’s 
Word Book (Thorndike 1921). Scores for these words could then be 
averaged and books compared in terms of reading difficulty on the 
basis of these averages.



A decade later, Gray and Leary (1934) made a systematic 
attempt to discern those variables which contribute to reading 
difficulty. They began with 289 hypothesized factors and even
tually reduced these to 20, of which they found eight to yield 
the highest significant multiple correlation with their criterion 
measure, reading comprehension. Interestingly, two of their 
eight measures, sentence length and syllable count, were the same 
as used by Kitson previously.

Gray and Leary’s readability formula was basically a mul
tiple regression equation designed to predict the comprehension 
score of .a person reading a sampled passage of text. Their for
mula epitomizes the majority of formulas to appear in print at 
that time. These prediction equations were for the most part 
cumbersome, lengthy, and difficult to use. As a result, these 
formulas came into only limited use outside of the academic 
establishment (Klare 1963).

In reaction to this situation, a new generation of simpli
fied readability formulas was proposed,.. In 1948, R. F. Flesch . 
published his "Reading Ease” formula. It consisted of selecting 
several 100-word passages' from a text., counting the number of 
syllables and obtaining the average number of words per sentence. 
These two measures, syllable count and sentence length, were then 
put into a regression equation and an estimate of reading diffi
culty obtained. Following this example, Fry (1968) published a 
slightly different version of the Flesch formula. He retained 
Flesch?s sampling procedure as well as the syllable count and



sentence length measures, but instead of offering an equation 
with which to derive a difficulty figure, he produced a graph 
upon which to plot these measures.

The Fry Readability Graph 
FryTs (1968) procedure for assessing readability in

volves randomly sampling three 100-word passages of text. From 
each of these passages, measures of syllable count and sentence 
length are obtained. The value of the syllable count is simply 
the number of syllables that the 100-word passage contains. Sen
tence length is expressed as the number of sentences (estimated 
to the nearest one-tenth) contained in the passage. The results 
of the three samplings are then, averaged and the mean values for 
the sentence length and syllable count measures are plotted on a. 
graph supplied by Fry (Figure 1). On this graph, there are areas 
marked off to represent the difficulty of the text in terms of 
grade level. For example, if one were to plot a mean sentence 
length score of 9.2 with a corresponding mean syllable count of 
12 0, the graph would show the average readability to be approxi
mately at grade level 3.

Variability in Reading Difficulty 
The Fry Readability Graph owes much of its popularity 

today to its simplicity in expression of reading difficulty and 
ease of use. One problem with the Fry procedure, though, is the 
estimation of variability within a text.. It would not seem
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unreasonable to expect to obtain from a second grade text pas
sages at the first, third, and even fourth grade levels. Fur
ther, it is theoretically possible for a text with average 
readability at the second grade level to have few or none of the 
sampled passages at that level. This is because the syllable 
count and sentence length measures plotted on Fry's graph are 
mean averages derived from the three passages sampled. What is 
needed, therefore, in addition to a single grade level designa
tion, is a method for estimating what percentage of passages in 
the text are at each of the different grade levels.

The McCuaig and Hutchings Method 
McCuaig and Hutchings (1975) proposed a method by which 

readability variation could be estimated with Fry's graph. They 
recommended sampling six 100-word passages evenly spaced through
out the text. From each of these passages, syllable count and 
sentence length measures are taken according to Fry's procedure. 
Next, the mean and standard deviation are computed for both mea
sures. Using the mean and standard deviation, confidence inter
vals for both the syllable count and sentence length measures are 
constructed. These.two intervals are then plotted on the Fry 
graph.. The intersection of the intervals creates an area (in the 
terminology of McCuaig and Hutchings, "a zone”) within which a 
percentage of passages of the text would fall if sampled.
McCuaig and Hutchings stated that if one assumes "normality” and 
"limited independence” of the syllable count and sentence length



measures, it is possible to predict.the approximate precentage of 
passages within this zone.

In the one example which McCuaig and Hutchings presented, 
they formed a hypothetical zone by constructing confidence inter
vals of one standard deviation in size about the means of the 
syllable count and sentence length measures and plotting the in
tersection (Figure 2). They claimed that this zone would contain 
68% of all passages within the text. McCuaig and Hutchings fur
ther stated that different sized zones could be constructed con
taining any desired percentage of text simply by changing the 
size of the two intersecting confidence intervals. One can then 
assess the variation in readability within the text by determin
ing the grade levels encompassed by the zone on the Fry graph.
For example, suppose the shaded zone in Figure 2 had been con
structed to contain 95% of the samples from within the text, i.e., 
both intersecting intervals extend from two standard deviations 
below to two standard deviations above the mean. A teacher could 
say that almost all of the passages within the text were between 
the sixth and ninth grade level and further, that. most of the 
text is at the seventh grade level, less at the eighth and ninth 
grade levels, with hardly any at the sixth grade level. This is 
only possible, however, if the zone constructed contains the per
centage of passages predicted by the McCuaig and Hutchings 
procedure.
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The Bradley and Ames Study 
Mthough the MeCuaig and Hutchings method has intuitive 

appeal for the reader, there is no supportive evidence for their 
suggested procedure. On the contrary, Bradley and Ames (1976) 
attempted to test the MeCuaig and Hutchings procedure and failed 
to obtain the results predicted by MeCuaig and Hutchings. In 
that study, Bradley and Ames selected two primary grade textbooks 
and, following the procedures suggested by Clymer (1959), treated 
each book as a series of consecutive 100-word passages. Begin
ning with the first word of the first story, 100-word passages
were counted successively until the end of the story. Any words
"left-over” (not enough for a complete 100-word passage) were 
ignored and the. procedure then repeated for the next story. This 
was continued until the end of the book was reached. Fry reada
bility estimates, as well as the mean and standard deviation for 
both the syllable length and sentence count measures, were then 
computed for all passages taken from a book.

Bradley and Ames, using the mean and standard deviation
of all of the passages within a book, were then able to construct 
a zone on the Fry Readability Graph according to the method out
lined by MeCuaig and Hutchings. This zone, although constructed, 
to contain 68% of all the passages, (i one standard deviation 
about the mean) was found to encompass 54 and 53% for each of the 
books respectively. They concluded their study with a "caveat
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emptor” to the reader and a suggestion for further investigation 
of the McCuaig and Hutchings procedure.

The purpose of the present study is to determine: (1) if
the McCuaig and Hutchings procedure for estimating the variabili
ty of the Fry readability estimate is valid; (2) if the McCuaig 
and Hutchings procedure is not valid, why; and (3) what, if any
thing, can be done to correct the McCuaig and Hutchings procedure.



CHAPTER 2

AN EMPIRICAL TEST OF THE McCUAIG 
; : AND HUTCHINGS PROCEDURE

Procedure
A sample of 16 books, six elementary basal and 10 second

ary remedial readers, from four publishers? basal reading series 
were chosen for analysis. These books are listed in Appendix A. 
Each of these books was divided into a series of 100-word pas
sages using the method of Bradley and Ames (1976). For each . 
passage, both the syllable count and sentence length measures 
were coded onto a single standard IBM card.

A computer program was constructed to compute the mean 
and standard deviation of the syllable count and sentence length 
measures for all passages within a book. The mean and standard 
deviation obtained by.this method were considered to be the popu
lation parameters of the book examined (for that reason, N rather 
than N-l was used in the formula for the standard deviation).
Next, using the mean and standard deviation, 11 different-sized 
zones on the Fry Readability Graph were mathematically defined by 
computer according to the procedure suggested' by McCuaig and 
Hutchings. These zones ranged in size from. +.125 standard devia- . 
tion to +1.960 standard deviations. Each passage within the book

10



11
was then tested to see whether it "fell" within this area defined 
on Fry’s graph. The computer program computed the percentage of 
passages within each of the zones constructed. This procedure 
was repeated for each of the 16 books analyzed. .

Results
The obtained percentages within each of the. zones con

structed are shown in Table 1. For all 16 books tested, the 
McCuaig and Hutchings procedure overestimated the' percentage of 
Fry estimates to be found in each zone. This finding held for 
zones of all sizes constructed and all books examined.

Discussion .
The results indicate that the McCuaig and Hutchings pro

cedure overestimates the number of passages to be found within 
any given zone. Several possible, causes for this overestimation 
may be postulated. It may be that the method of dividing each 
book into a series Of consecutive 10,0-word passages is invalid 
and causes the McCuaig and Hutchings procedure to overestimate. 
The books used in testing the procedure may have been biased in 
some way and the results may, therefore, reverse themselves if a 
new unbiased set were chosen. It may be that the logic of the 
McCuaig and Hutchings procedure is faulty and their predicted re
sults would not follow even if their assumptions were found to 
hold. Finally, if McCuaig and Hutchings logic is valid, one or 
both of their basic assumptions may not be met.



Table 1. Percent of Text Obtained in Different-Sized Zones and McCuaig and Hutchings’ 
Prediction of Percent Obtained

Book Title + .125 + .255
(Columns Labelled 
±.385 +.52 5

Percent of.Text 
by Interval Size 
+.675 +.840

in Zones 
in Standard Deviation Units) 

+.995 +1.040 +1.280 +1.645 +1.960

Secondary Remedial
The Time Is Now 1 2 5 13 31 42 51 52 70 84 88
Cities 2 3 6 11 21 32 46 47 65 82 93
Out of Sight 0 1 5 13 24 31 42 47 63 83 91
Larger than Life 0 4 11 15 22 35 48 48 62 81 90
Where It's At 1 3 7 14 21 36 44 50 68 83 90
With It 3 3 8 12 20 28 47 51 66 87 . 94
Beyond the Block 0 4 8 14 21 30 45 46 70 82 91
Over the Edge 0 2 9 ■ 17 26 32 41 45 62 83 94
Communication 0 1 6 14 25 44 52 58 73 89 91
This Land 1 4 11 16 22 43 53 57 68 83 89

Elementary Basal
Panorama 1 8 14 20 30 46 59 63 75 89 94
Secret Spaces 0 3 6 11 16 28 39 45 62 82 91
Secrets 0 2 6 11 21 34 42 47 64 83 91
Never Give Up 1 3 9 .18 26 35 47 52 65 82 92
Good News 2 7 12 16 . 23 45 56 56 73 86 92
Kaleidoscope J l _4 _9 19 27 39 52 53 68 84 90

MEAN 1 3 8 15 24 36 48 51 67 84 91
McCuaig £• Hutchings'

Prediction 10 20 30 40 50 60 68 70 80 90 95
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As to the first possibility, that of an invalid data 

base, it will be admitted that the set of samples in which the 
book was divided was one of an infinite variety of possible sets. 
For example, it would have been possible to start from the end of 
• each story and work back to the beginning choosing consecutive 
passages of 100 words or one could also have randomly chosen a 
number of passages from each page of each story. The point to be 
discussed here should not be one of why the passages were chosen ' 
the way they were, but could the passages have been chosen in any 
other valid way which would change the results of this study.

The purpose of the procedure used was to divide each 
textbook into as many 100-word passages as possible. An incom
plete passage (less than 100 words) was not carried over to the 
beginning of the next story to reduce any confusion which may re
sult from different story authors. > Passages were consecutive so 
that the data base for each text would yield as much unique in
formation as possible about the book. Starting from the end of a 
story and working.back would not change the overall data base as 
any long .sentences or large polysyllabic words left out of one 
passage would merely be included in the next consecutive passage. 
The only way to change the data base to any significant extent 
would be to pick a number of passages at random from the book as 
a whole or from each individual story. By chance then it would
be possible to obtain a data base with passages not corresponding' -

to McCuaig and Hutchings’ predicted percentages in which case one



14
is left with a dual question to answer: Is the reason the
McCuaig and Hutchings procedure failed to work due to a sampling 
fluctuation or a fundamental flaw in the procedure?

If one looks to the selection of books as the cause of 
the results Obtained, then one is saying in effect that in gen
eral there are some books for which the McCuaig and Hutchings 
procedure will work and others for which it will not (such as the 
16 books used in this study). This is a more definitive state
ment than that made by McCuaig and Hutchings who do not put any 
.. limitations on their procedure, but lead the reader to assume it 
will work for any text upon which one can obtain a Fry readabil
ity estimate. Perhaps the worst aspect of this argument, though, 
is that if the McCuaig and Hutchings procedure'will not work for 
16 books from four different publishers1 basal reader series, for 
what books will it work?

The logic of McCuaig and Hutchings procedure is fairly 
straightforward. Two distributions of scores (sentence length 
and syllable count) are plotted against each other. The result
ing scatterplot is a two-dimensional representation of the data. 
The characteristics of this scatterplot will be a function of 
both of the distributions of scores which gave rise to it. • It is 
reasonable then to study these two distributions in order to pre
dict a specific characteristic of the scatterplot, density.

Because none of the previous possibilities appears to 
provide a parsimonious answer to the obtained overprediction, a
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closer examination of McCuaig and Hutchings? assumptions is 
warranted.



CHAPTER 3

AN EMPIRICAL TEST OF THE: ASSUMPTIONS UNDERLYING 
' ' THE McCUAIG AND HUTCHINGS PROCEDURE

The McCuaig and Hutchings procedure involves two assump
tions . One of these they have termed" "limited independencerr and 
the other simply "normality." The first assumption involves the 
correlation between the syllable count and sentence length mea
sures While the other refers to the nature of their distributions.

Exactly what is meant by the term limited independence is 
never fully explained by McCuaig and Hutchings, but can be sur
mised by the implied logic of their procedure. In their original 
example, an interval of one standard deviation about the mean has 
a probability density of .68 (assuming normality). If the inter
section of the two intervals, the zone, is to contain 68% of all 
passages, then limited independence must be understood to mean 
total dependence or perfect correlation between the syllable count 
and sentence length measures. Any departure from this relation
ship will cause fewer than 68% of the passages to fall within the 
zone.

Normality
To test McCuaig and Hutchings’ assumption of normality, a 

Kolmogorov-Smirnov (Siegel 1956) was performed on both the syllable
16 '
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count and sentence length measures for each, book analyzed (Table 
2). Only six of the 16 books examined showed significant (p<.05) 
non-normality in one or both measures. Thus non-normality might 
be used to explain why the McCuaig and Hutchings procedure failed 
with some, but not all, of the books' examined.

Perfect Correlation 
To examine the assumption of perfect correlation, the 

Pearson correlation coefficient between the syllable count and 
sentence length measures for each text analyzed as well as the 
mean correlation coefficient (obtained by Fisher’s Z method) for 
all 16 books was computed (Table 3). The magnitude of the corre
lation coefficients ranged from a high of -.55 to a low of -.02 
with a mean of -.13. These data, are more supportive of a com
plete independence assumption than a complete dependence 
assumption.
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Table 2. Kolmogorov-Smirnov Test of Normality

Book Title
Number 

of Passages 
. in Book .

Sentence
Length

Probability
Syllable

Count
Probability

The'Time Is Now 91 .99 .18
Panorama 335 . 02* .00*
Secret Spaces 125 . 07 .31
Secrets 161 .56 . 01*
Cities 236 .03* . 06
Out of Sight 148 .13 .71
Larger than Life 263 .17 . 07
Where It’s At 149 . . 56 .10
With It 99 .36 .64
Beyond the Block - 217 .23 .16
Over the Edge- 101 ■ . .41 .50
Never Give Up 301 .11 .03*
Good News 1±9 .48 . 03*
Communication ' 81 .46 .09
This Land 115 .10 .25
Kaleidoscope 843 .00* .00*

*p<. 05
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Table 3. Correlation between Syllable Count, and Sentence Length 

Measures ,

Book Title .. . ._       r_
The Time Is Now -.12
Panorama -.19
Secret Spaces -.09
Secrets .05
Cities -.18
Out of Sight . -.03
Larger than Life • .14
Where It’s At -.16
With It -.15
Beyond the Block -.12
Over the Edge -.07
Never Give Up -.12
Good News -.02
Communication -.35
This Land -.55

-.24
MEAN • z -.13



CHAPTER 4

A CORRECTION TO THE McCUAIG AND 
HUTCHINGS PROCEDURE

If one assumes that the reason for the overestimation of 
the McCuaig and Hutchings procedure stems from a faulty assump
tion of total dependence and substitutes the more reasonable as
sumption of independence as indicated by the data, then one 
should be able to account for this overestimation and obtain a 
superior prediction..

Independence being the case, the basic McCuaig and Hutch
ings procedure can still be used with one exception— the proba
bility of a sample lying within the zone formed, by the 
intersection of two intervals is equal to the product of the 
separate probabilities of those two intervals (law of independent 
events). In the example presented by McCuaig and Hutchings, 
therefore, the correct probability of a sample lying within the 
zone is .68 x .68, or .46. One can expect 46% (.46 x 100) of the 
passages in the text to be contained within the zone, not 68% as 
originally claimed by McCuaig and Hutchings.

Table 4 shows the corrected McCuaig and Hutchings predic
tions for each zone. Directly beneath the corrected predictions 
is the mean obtained percent for each zone. A simple comparison 
of Table 4 with Table 2 clearly shows the corrected prediction

20



Table 4. Corrected McCuaig and Hutchings.’ Predictions Compared with Obtained Mean 
Percents

-

±.125 ±.2 55 + .385
Size of interval Used to Create Zone 

(In Standard Deviation Units) 
±.525 ±.675 +.840 +.995 ±1.040 +1.280 ±1.645 ±1.960

Mean
Obtained
Percent 01 03 08 15 24 36 48 51 67 84 91
Correct .
Predicted
Percent 01 04 • 09 16 25 36 . 46 49 64 81 90
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(using an independence assumption) superior to the original pre
diction (using a dependence assumption) in estimating the per
centage of passages to be found in each zone. Because of the 
superior fit of the corrected prediction to the results obtained, 
non-normality of the syllable count and sentence length measures 
is not considered to be an appreciable factor affecting 
prediction.

It appears that the McCuaig and Hutchings procedure as 
originally proposed does not yield an accurate assessment of in
ternal variation in textbook readability. This is due to their 
procedure’s overestimation of the percentage of passages within 
any particular size zone defined on Fry’s Readability Graph.
This overestimation is easily corrected for with a minor change 
in assumptions leaving the McCuaig and Hutchings procedure as a 
potentially useful tool for estimating internal variation in 
textbook readability. •
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