
Fresh ideas on readability and a "quick and easy" formula
are offered for readers' reactions.

SMOG Grading —– a New Readability
Formula

G. HARRY MC LAUGHLIN

IN A RECENT ISSUE of this journal, Fry (4) described "a readability
formula that saves time." The panel immediately below gives a
method of assessing readability which is even quicker—and so
simple that one statistician who glanced at an earlier version of
this paper thought that it was a "put on," a fake. Although this
system, SMOG Grading, is laughably simple, it is in fact more
valid than previous readability formulas. The rest of this paper is 
devoted to substantiating that claim.

SMOG Grading

1. Count 10 consecutive sentences near the beginning of the text to
be assessed, 10 in the middle and 10 near the end. Count as a
sentence any string of words ending with a period, question mark
or exclamation point.

2. In the 30 selected sentences count every word of three or more
syllables. Any string of letters or numerals beginning and ending
with a space or punctuation mark should be counted if you can
distinguish at least three syllables when you read it aloud in context.
If a polysyllabic word is repeated, count each repetition.

3. Estimate the square root of the number of polysyllabic words counted.
This is done by taking the square root of the nearest perfect square.
For example, if the count is 95, the nearest perfect square is 100,
which yields a square root of 10. If the count lies roughly between
two perfect squares, choose the lower number. For instance, if the
count is 110, take the square root of 100 rather than that of 121.

4. Add 3 to the approximate square root. This gives the SMOG Grade,
which is the reading grade that a person must have reached if he
is to understand fully the text assessed.
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A readability formula is simply a mathematical equation de-
rived by regression analysis. This procedure finds the equation
which best expresses the relationship between two variables, which
in this case are a measure of the difficulty experienced by people
reading a given text, and a measure of the linguistic characteristics
of that text. This formula can then be used to predict reading
difficulty from the linguistic characteristics of other texts.

The linguistic measures which have been found to have
greatest predictive power are word and sentence length. I have
shown (9) that these measures are, respectively, indicators of seman-
tic and syntactic sources of reading difficulty. In English, word
length is associated with precise vocabulary, so a reader must
usually make extra effort in order to identify the full meaning of
a long word, simply because it is precise. Long sentences nearly
always have complex grammatical structure, which is a strain on
the reader's immediate memory because he has to retain several
parts of each sentence before he can combine them into a meaningful
whole.

Regression analysis can find the best formula only if the investi-
gator happens to have chosen the best general form for the equation.
What previous investigators have generally overlooked is the fact
that semantic and syntactic difficulty interact. A slight difference
in word or sentence length between two passages does not indicate
the same degree of difference in difficulty for hard passages, as it
does for easy passages. Therefore, a readability formula should not
be of the usual form,

Readability =  a + b (Word Length)+ c (Sentence Length),
but should be of the form

Readability =  a + b (Word Length x Sentence Length) where
a, b and c are constants.

By a stroke of good fortune, the more valid type of formula
is easier to calculate, not merely because it has one constant less
than the traditional type, but because, with a bit of ingenuity,
one can eliminate the chore of multiplication completely! Obvi-
ously, you must measure word length and sentence length separately
if you are going to add the two measures together. But you achieve
the equivalent of multiplying the two measures if you simply
count out a fixed arbitrary number of sentences and then count,
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say, the number of syllables within those sentences. For any given
average number of syllables per word, the count will increase if
the sentence length is increased; likewise, for any given average
number of words per sentence, the count will be greater if the
word length is increased.

Fortunately there is no need to follow Flesch's (3) system of
counting every syllable in a passage in order to obtain a valid
measure of its semantic difficulty. I have found a law relating the
number of syllables in a passage to the percentage of polysyllabic
words, defined as words of three or more syllables. For practical
purposes, the total number of syllables per 100 words may be cal-
culated by this rule of thumb: multiply the number of polysyllabic
word by 3 and add 112.

It was Gunning (5) who first had the idea of counting poly-
syllabic words to obtain a measure of semantic difficulty. I call my
system of readability prediction SMOG Grading in tribute to Gun-
ning's Fog Index (The term also refers to my birthplace, smog
having first appeared in London, though, like so many other things,
it has since been improved upon in several American cities).

So far we have seen how to eliminate the multiplication of
the word and sentence length measures. What about the constant
multiplier b? We can virtually get rid of that, too, by making it
equal to unity through the simple device of picking a suitable
arbitrary number of sentences to be counted!

By a process of trial and error I have found that 30 sentences
is a suitable number for the criterion of readability used here.
Other readability prediction systems invite one to use samples of
only 100 words. Such a sample is so small that it may be quite
uncharacteristic of the text being assessed. To get a more reliable
prediction, you have to calculate the reading difficulty of several
samples and then average them. By sampling 30 sentences, which
typically cover 600 words, you get a reliable prediction straight
away, particularly if the 30 sentences are divided into three groups
of ten consecutive sentences, each group being in a different part
of the text.

We have now seen that the relative reading difficulty of a passage
may be assessed simply by counting the polysyllabic words in 30
sentences. The polysyllable count thus obtained must next be
converted into some more meaningful number.

For this purpose I used the 390 passages included in the 1961
edition of the McCall-Crabbs Standard Test Lessons in Reading (8).
A number of questions are given for each passage. Following each
set of questions there is a table which shows the average reading
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grade of subjects who could answer correctly none, some, or all of
these questions. I took as the indicator of the reading difficulty
of each lesson the grade of subjects showing complete comprehen-
sion, because this is a more meaningful standard than that used by
previous investigators—namely the ability to answer 50 or 75
percent of the questions. Complete comprehension means pre-
cisely that, whereas the ability to answer a certain proportion of
questions will depend much more on the nature of the questions.

To find out just how standardized the Standard Test Lessons
are, I obtained the following information from Dr. McCall (7).
The mean grade score given for the subjects correctly answering a
certain number of questions on each Lesson was obtained by
averaging their reading grades as ascertained from the Thorndike-
McCall Reading Test, which was administered at the same time as
the questions on the Lessons published in 1925. For Lessons added
to later editions the Gates Reading Test was used to determine the
reading grades. Actually the published grades were not obtained
directly, but were derived from smoothed curves. About ten les-
sons were given to each child, and all told, there were "thousands"
of subjects.

The degree of approximation inherent in this method of
standardization led Dale and Chall (2) to observe that a McCall-
Crabbs criterion has "serious deficiencies." Though I have pro-
posed a procedure for obtaining a more valid criterion (10), the
Test Lessons still provide the best criterion we have.

I therefore set out to find a regression equation relating the
polysyllable count of each Lesson to the mean grade score of
students who could correctly answer all questions on that Lesson.
For this purpose the TSAR statistical package was used on an IBM
360/50 computer. I found that 30 sentence samples gave vastly
more accurate predictions than smaller samples. The samples were
obtained by arranging the Lessons in order of difficulty according
to grade score, which was then averaged over each set of three con-
secutive Lessons. The polysyllable count was obtained from ten
sentences in each Lesson. If a Lesson contained fewer than ten
sentences, the average number of polysyllabic words per sentences
was determined and multiplied by ten.

By trial and error, four powerful regression equations were
derived. They are set out in Table 1. Equation (a) yields pre-
dictions which correlate 0.71 with the criterion—equal to the high-
est correlation ever obtained before using the McCall-Crabbs cri-
terion (6, p. 114). Unfortunately, the equation cannot predict
readability below sixth grade, and it involves a multiplication
which is difficult to do in one's head. I therefore tried taking the
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square root of the polysyllable count and obtained equations (b)
and (c). The trouble with (b) is that there is again an inconvenient
multiplier; in (c) two additions are involved, but the multiplier,
being almost unity, is virtually eliminated. I therefore set up equa-
tion (d) which is a compromise between (b) and (c). Because (d)

involved forcing the regression line through the origin, the corre-
lation coefficient is spuriously high. The real indicator of the
validity of (d) is that its standard error of the estimate is only
trivially higher than that of the other formulas.

For practical purposes equation (d) can be approximated by
SMOG grade = 3 + square root of polysyllable count. It is this
simple formula which is expressed in the instructions given in the
panel at the start of this paper.

The standard error of the predictions given by the simplified
SMOG Grade formula is only about 1.5 grades. In other words,
this formula will predict the grade of a passage correctly within
one and a half grades in 68 percent of cases. This is apparently
less accurate than in the predictions given by other regression for-
mulas (6, p. 114). But it must be noted that other formulas have had
to be supplemented by arbitrary "corrections." For example, Dale
and Chall found a regression equation which predicts that even
the hardest passage is suitable for a student in grade ten; they
therefore had to introduce a table which shows that a grade yielded
by the formula should be converted into a prediction with a range
of two or three grades. Thus a readability grade of 10 is con-
verted to 16 +. Other formulas rely upon equally arbitrary con-
version tables or charts.



644 JOURNAL OF READING May, 1969

Furthermore, it takes only about nine minutes to derive a
SMOG Grade based on a sample of about 600 words, whereas it
takes the same time to derive the Dale-Chall prediction using a
sample of only 100 words or a Flesch Reading Ease score based
on but two 100—word samples.

SMOG Grading implicitly makes two claims; that counting
polysyllabic words in a fixed number of sentences gives an accurate
index of the relative difficulty of various texts; and that the formula
for converting polysyllable counts into grades gives acceptable
results. Both claims had to be tested.

The predictive power of polysyllable counts was revealed when
64 university students were each asked to read eight 1,000-word
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passages from various periodicals. To counteract order effects, the
articles were presented in a predetermined random order which
differed for each subject. Before the experiment, three specialists
in literacy training made content analyses and identified the
ten most important ideas in each passage. After reading a passage
each reader was asked to recall its entire content as fully as possible.
This method of unaided recall was used in order to avoid the
prompts which are inevitably given to a subject when he is ques-
tioned directly. The recalls were tape recorded and later tran-
scribed verbatim. Each transcript was then compared with the
list of ten main ideas, so that every passage was rated for com-
prehension by each reader on a scale of 0 to 10.

Speed of reading was not controlled, so there was a tendency
for a subject who read a passage with slow care to recall more
points from it than from a passage he read rapidly. Therefore the
average comprehension score on each passage was divided by the
average time in minutes which subjects took to read it. This gives
a measure of reading efficiency of the kind called for by Braam (1).
The measure was always very close to unity because the average
number of minutes of reading time roughly matched the average
number of points recalled.

As can be seen from Table 2, there is a perfect negative rank
correlation between polysyllable counts and the measures of reading
efficiency.

The method of counting thus seems to be vindicated. As for
the grade levels, Table 2 shows that they tend to be rather high.
This is not unreasonable, considering that the grades are supposed
to be those which a reader needs to ensure complete comprehension.
(It is to be understood that SMOG Grades 13-16 indicate the
need for college education; 17-18 the need for graduate training;
and 19 and above, the need for a higher professional qualification.)
Comparisons show that SMOG Grades are generally two grades
higher than the corrected Dale-Chall levels, which purport to in-
dicate "the grade at which a book or article can be read with under-
standing"—a less severe criterion than the one used here.
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