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Readability © Keith Johnson 1978,1987,1998

This article outlines the subject of readability, with particular reference to school science.

The 4 main sections of the article are:

1. The effect of interest and motivation.
2. Legibility, including type, layout and reading conditions.
3. Sentence structure, including readability formulae.
4. Results for school textbooks, especially in science.

The whole article can be downloaded in .pdf format from  www.timetabler.com

Introduction
When writing a textbook, a work-sheet or an examination paper, an author is intent on
transmitting information to the reader.  How well the author succeeds will depend on the
readability of the text.
Readability is concerned with the problem of matching between reader and text.
An accomplished reader is likely to be bored by simple repetitive texts.  A poor reader will
soon become discouraged by texts which s/he finds too difficult to read fluently.
This is likely to happen when the text is
● poorly printed,
● contains complex sentence structures,
● long words or
● too much material containing entirely new ideas.

The term readability refers to all the factors that affect success in reading and
understanding a text.  These factors include:

1. The interest and motivation of the reader.
2. The legibility of the print (and of any illustrations).
3. The complexity of words and sentences in relation to the reading ability of the reader.

These factors are discussed in turn, followed by the results of research into school science
textbooks.

1.  Interest and motivation
This aspect of readability is probably the most important, but unfortunately it is also the
least tractable.  A young electronics enthusiast may read and persevere with a complex
electronics magazine, but quickly abandon the simplest history book.  This internal
motivation is very powerful, but not easily modified by a teacher.

There are other, external, factors which affect motivation and which can be adjusted to
advantage.  These include approval by the teacher, the use of merit marks, and success in
tests and other tasks.  ‘Nothing succeeds like success.’

Generally, motivation for reading school books is likely to be low.  Indeed, a textbook has
been defined as ‘a book that no-one would read unless they had to’.  In practice, this
means that the prose in a school book usually should be much simpler than the readers are
capable of reading.  This is particularly necessary when pupils are given instructions to
perform a specific task -- not only may the motivation be low, but the learning experience is
likely to be spoilt unless the instructions are followed accurately.

http://www.timetabler.com
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2.  Legibility of print
You are probably are fluent reader, reading at a rate of 250-300 words per minute, your
eyes moving in a series of rapid jerks and pausing 8-10 times along the length of a typical
line.  These pauses consume about 90 per cent of reading time, each pause lasting for
about 0.2 second.

When there is difficulty in reading the text, your eyes are likely to make a backward
movement, a ‘regression’.  Reading then becomes less efficient in terms of speed, but more
efficient in terms of comprehension.

The factors affecting speed and comprehension have been extensively researched.
However, due to the large number of variables, the conclusions are sometimes ambiguous.
Some of the conclusions are summarized here, but more information can be found in the
excellent monographs by Gilliland [1] and Watts and Nisbet [2].

(a)  The type
More than a hundred type faces are in use in the UK, some much more legible than the
others.  Lower case print is preferred by most readers, and is read about 10 per cent faster
than words in CAPITAL letters.  However, for single letters (eg. labels on diagrams), capital
letters are more easily differentiated.

There seems to be no significant difference in legibility between serif and sans-serif type
faces, whether on paper or on VDU screens [3].  Some designers prefer sans-serif for sub-
heads and serif for the body text.

A fluent reader relies upon the upper coastline of the print for most of his information.
In addition, the right-hand sides of letters give more information than the left.
Where emphasis is required, bold type is read more quickly than italics or CAPITALS.

(b)  The layout
There are 4 inter-related factors here:
● the size of type,
● the length of line,
● the spacing between the lines (the ‘leading’) and,
● the weight of print.

If the size of type or length of line is changed, then the leading should be altered to
maintain efficient eye movements.
10 point, 11 point and 12 point type seem to be the best sizes for fluent readers.  At the
normal reading distance of 35 cm, 10 point type brings 4 letters within the foveal area and
20 letters within a 5 degree field of view.
Most word-processors set the leading at 120 per cent.  ie. for a 10 point type face, the
leading is 12 point.  (72 points = 1 inch;  12 point = 4.2 mm)
Lines which  are too short or too long cause inefficient eye movements.  When considering
the speed of reading, researchers have recommended line lengths in the range  6 - 9 cm
(depending on the size of type and leading).
The width of a VDU screen is usually about 25 cm and an A4 worksheet may have lines of
18 cm.  Tinker [4] advocates a series of safety zones within which type size, line length and
leading may be varied without loss of legibility.  Some school books appear to lie outside
these safety zones.
However, the correlation between speed of reading and comprehension of information
seems to be poor.  In one study [5], a text in 18 point type set in 10 cm line length on a
21 point leading was ranked fourteenth in speed, but second in comprehension scores.
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Overall, line lengths of 7 - 12 average words seem to be optimum.
Unjustified lines (ie. where the right-hand edge of the text is not straight) are better,
because they help the reader’s eye to scan the lines more accurately.
White-space (between paragraphs), and sub-heads, help for the same reason.

(c)  The reading conditions
Serious effects on legibility arise when vibration occurs with a hand-held book and when
the line of vision is not at right-angles to the plane of the page.  Books with thick spines
may cause difficulty due to the curvature of the page, particularly where the inner (gutter)
margin is narrow.  Strong illumination may help here, by causing the pupil of the eye to
contract, reducing spherical aberration and giving a greater depth of focus.

The brightness ratio between a book and the surrounding table surface should be 1:1
ideally, but a value of 3:1 is acceptable.  Beyond 5:1 there is some impairment.  Light-meter
readings on a brown laboratory table indicate 30:1.

The size of margin does not seem to affect the speed of reading, but may cause increased
eye fatigue if it is too narrow.

Matt paper cause less eye fatigue than glossy paper.  The paper should be thick enough to
prevent print on the reverse side showing through.

Black type on white paper (or a white screen) is more legible than any other colour
combination.  Blue, red and green on white are often acceptable.  The worst combination is
black type on a purple background.

3.  Sentence structure
The third factor affecting readability is concerned with the words and sentences chosen by
an author.  This factor is the most easily quantifiable, and the rest of this article is
concerned with this aspect of readability.

Consider two examples:

This short sentence needs a reading age of less than nine years.

This longer sentence, which contains an adjectival clause and polysyllabic words, has a
reading age of more than sixteen years.

We use the term ‘reading age’ to indicate the chronological age of a reader who could just
understand the text.  The term is also useful when applied to the text itself: a text with a
reading age of 14 years is one that could be read and just understood by a 14-year-old
pupil having average reading ability.

The statistical distribution of reading ability in a population of a given age is ‘roughly
normal’, according to the Bullock Report [6].  The expectation is that the range of reading
achievement is likely to be two-thirds of the median chronological age of the group.
ie. in a mixed-ability class of 12-year-olds, the reading ages would vary from 8 to 16.
In a science ‘set’, selected on the basis of ability in science, the range of reading ability can
still be large.

In considering the suitability of a book or a work sheet for a class, it is desirable to
determine the reading age of the text, to see how well it matches the reading ages of your
pupils.
The rest of this article looks at ways of doing this.
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Methods of assessing Reading Age

Subjective assessment has been shown to be inaccurate, with teachers (perhaps because
they are good readers) usually under-estimating the difficulty of the text (by up to 8 years).

There are four main methods of objective assessment:

A. Question and answer technique
Pupils of different ages are given the text to read.  They are then questioned to gauge
the level of comprehension and hence determine the reading age.  This is usually
unrealistic for practising teachers.

B. Sentence completion  (the ‘cloze’ technique)
Sentences are taken from the text and every n th word is deleted.  Often, n=5.  These
sentence completion exercises are then given to the pupils to test comprehension and
gauge the reading age.  Graham [7] and Mobley [8] have given details of how cloze
tests can be applied to science texts.  This method is also time-consuming.

C. Comparison of text with a standard word list
The percentage of words not included in the Dale word list is determined and the
reading age calculated from this.  Well-known examples are the Dale-Chall [9] and
Spache [10] tests.  Again, this method is tedious.

D. Calculations involving the sentence length and number of syllables

Objective measures of readability are now widely used.  They are formulae (or graphs)
which are based on an enormous amount of research evidence.
A readability formula predicts the reading level for the text.  This is expressed as a
chronological age and is accurate to about ± one year.
The reading level (reading age) predicted indicates that an average reader of that age
could just cope with the text (but see the comments in point 3 of the final summary).

Harrison [11] and Klare [12] point out that there are well over 200 such tests !
Six of the most widely recognized tests are given in more detail below.  Some of the
tests were used to find the reading ages of current UK textbooks, and these values are
given below in a table of science textbooks.

These tests are concerned simply with the length of sentences and the number of
syllables.  They do not take into account the order of words in a sentence, although
some interesting work by Yngve [13] shows a method of calculating the complexity of
the structure of a sentence.

Much of the work on reading ages has been done in America.  The formulae give a
numerical value which is the American grade level.  Following normal practice, these
grade levels are converted to reading ages by adding a value of 5.

When counting syllables for these tests, it helps to say the words aloud.
Some examples of syllable count are:  another (3), area (3), passed (1), surface (2),
surfaces (3), particle (3), enable (3).

When counting numbers, symbols, initials, etc, count one syllable for each number or
letter.  For example: 1998 = 4 syllables (1-9-9-8), 4.2 = 3 syllables (4-point-2), H

2
O = 3

syllables (H-2-O), USA = 3 syllables (U-S-A), Fig. 2 = 2 syllables (Fig-two).  But for
abbreviations (cm, mm, km, kg, eg, ie), the usual rule is to count each as just one
syllable.  Since headings and sub-headings are usually not sentences, they are best
ignored.  It is not known how to deal with a formula or a numerical calculation, so for the
results below they were just ignored (but they probably increase the reading age !).
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Skip to the Results section or the Comments section below, if you don’t wish to see the
details of each test.

1. Gunning ‘FOG’ Readability Test [14]
Select samples of 100 words, normally three such samples.
(i) Calculate L, the average sentence length (number of words ÷ number of sentences).

Estimate the number of sentences to the nearest tenth, where necessary.
(ii) In each sample, count the number of words with 3 or more syllables.

Find N, the average number of these words per sample.

Then the grade level needed to understand the material = (L + N) × 0.4
So the Reading Age = [ (L + N) × 0.4 ]  +  5  years.
This ‘FOG’ measure is suitable for secondary and older primary age groups.

2. Fry Readability Graph [15]
Select samples of 100 words.
(i) Find y, the average number of sentences per 100-word passage (calculating to the

nearest tenth.
(ii) Find x, the average number of syllables per 100-word sample.
Then use the Fry graph (below) to determine the reading age, in years.
This test is suitable for all ages, from infant to upper secondary.
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The curve on the Fry Graph represents normal texts.  Points below the curve imply
longer than average sentence lengths.  Points above the curve represent text with a
more difficult vocabulary (as in school science texts).

3. Flesch-Kincaid Formula
This is a US Government Department of Defense standard test [16].

(i) Calculate L, the average sentence length (number of words ÷ number of sentences).
Estimate the number of sentences to the nearest tenth, where necessary.

(ii) Calculate N, the average number of syllables per word (number of syllables ÷
number of words).

Then grade level = ( L × 0.39 )  +  ( N × 11.8 ) - 15.59

So Reading Age = ( L × 0.39 )  +  ( N × 11.8 ) - 10.59  years.

4. Powers-Sumner-Kearl Formula [17]
This is the only one of the formulae suitable for primary age books.

Select samples of 100 words.
(i) Calculate L, the average sentence length (number of words ÷ number of sentences).

Estimate the number of sentences to the nearest tenth, where necessary.
(ii) Count N, the number of syllables per 100 words.

Then grade level = ( L × 0.0778 )  +  ( N × 0.0455 )  - 2.2029

So Reading Age = ( L × 0.0778 )  +  ( N × 0.0455 )  +  2.7971  years.

This test is NOT suitable for secondary age books, and is most suitable for material in
the 7 - 10 age range.

5. McLaughlin ‘SMOG’ Formula [18]
Select samples of 30 consecutive sentences.  In each sample, count the number of
words with 3 or more syllables.  Find the average number, N.

Then grade level = (square root of N)  +  3.

Reading Age = (square root of N)  +  8  years.

This test tends to give higher values than the other formulae, because Mclaughlin
intended it to predict the level necessary for 100% comprehension of the text (what-ever
that means), whereas other tests were validated against lower comprehension levels
(see the final comments section, below).

6. FORCAST Formula [19]
This was devised for assessing US army technical manuals.
It is NOT suitable for primary age materials.
Because it is the only formula that does not need whole sentences, it is suitable for
assessing notes and multiple-choice questions.
It was tested against a comprehension level of only 35% !

Select samples of 150 words.  Count N, the number of single-syllable words.

Then grade level = 20  -  ( N ÷ 10 )

Reading age = 25  -  ( N ÷ 10 )  years.

If you use samples of only 100 words, reading age = 25  -  ( N ÷ 6.67 )  years.
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Results of applying the tests

General literature
In an attempt to calibrate some fixed points on the scale of readability, the averages of four
tests (Fry, Gunning, Flesch-Kincaid, Forcast) were found for some items of general
literature.  The results are:

Reading Age
(in years)

Financial Times 17½
Times Educational Supplement 17
This article 16
‘A Tale of Two Cities’ (Dickens) 13
‘To Kill a Mocking Bird’ (Lee) 11½
‘Lord of the Flies’ (Golding) 11
‘Kes: A Kestrel for a Knave’ (Hines) 10½

It is surprising that ‘Lord of the Flies’ and ‘Kes’, often used as set books for GCSE English
examinations, should have readings ages as low as 11 years or less.

Physics Textbooks
In order to allow a reasonable comparison of the reading ages needed for the various
physics textbooks that are available, four of the tests were applied to passages on the
same eight topics. These ‘4F’ tests were: Fry, FOG-Gunning, Flesch-Kincaid, and Forcast.

The topics that were chosen were eight that are in the UK National Curriculum and were
expected to be found in any recent physics text.
These topics were all among the less-mathematical sections of work, because it was not
known how to find the reading ages of numerical sections.
The eight sections were of work that is commonly taught in Years 10 and 11 of UK
secondary schools (pupils’ ages 14 - 16):

Introduction to electric circuits
Introduction to electromagnetic induction
Introduction to Hooke’s law
Introduction to refraction of light
Introduction to sound
Introduction to the Solar System
Introduction to thermal conduction
Introduction to alpha, beta, gamma rays.

Where a topic appeared more than once in a book, the passage used was the one that
appeared earliest.  ie. the introduction to the topic (at this level).

The four ‘4F’ tests were applied to each of the eight sections for each text.  ie. 32 tests per text.
The results are shown in the table below.

The results for many Key Stage 3 and Key Stage 4 Science texts, and GCSE Chemistry
and Biology books are also shown in tables at the web-site.

Those tables also show two Human Interest Scores for each book.

The tables at  www.timetabler.com   are updated from time to time.

http://www.timetabler.com
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Reading Age Author, Title, (Publisher)
(in years)

16

Tom Duncan, GCSE Physics (John Murray)
15½+ Graham Booth, GCSE Physics (Letts)

John Avison, The World of Physics (Nelson)**
Stephen Pople, Explaining Physics (Oxford)**

15+ K Foulds, Physics (John Murray)

Shirley Parsons & Ian Pritchard, Physics (Collins)
Robin Millar, Understanding Physics (Collins)**

14½+ Dolan, Duffy & Percival, Higher Physics (Heinemann)

Ken Dobson, Physics (Nelson)
Ken Dobson, The Physical World (Nelson)
David Brodie, Physics (Longman)
Jim Breithaupt, Key Science:Physics (Stanley Thornes)

14+ Jim Breithaupt, N.Mod.Sci:Physics (Stanley Thornes)

13½+ --

Jones, Jones & Marchington, Physics (Cambridge)
Charles Tracy, Physical Processes (Hodder & Stoughton)
Nick England, Physical Processes (Hodder & Stoughton)

13+ Nick England, Physics Matters (Hodder & Stoughton)

David Sang, Foundation Physics (Heinemann)
12½+ Stephen Pople & Peter Whitehead, Physics (Oxford)

12+ Keith Johnson, Physics for You (Stanley Thornes)

Books on sale in 1998.  Books marked ** did not contain work on ‘The Earth and Beyond’.

Books not shown here may be on the web-site at  www.timetabler.com

The web-site also shows two Human Interest Scores for each book.

Some comments:

1. Although the correlation between the four tests is high, when they are applied to a
passage they usually give different results, the variation depending on the author’s
style.  The quoted results are the averages of the four tests.

2. When the tests were applied to the Physics books shown in the table, all the algebraic
formulae and numerical calculations in the texts were ignored.  In practice, the pupils
are likely to stumble over these mathematical parts.
This fact, coupled with the choice of introductions to topics, suggests that the values
shown in the tables are likely to be minimum values ! continued . . .

http://www.timetabler.com
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3. The reading level predicted by a readability test is the ‘break-off’ point for a reader of that
reading age.  ie. a reading level measured as 14 years predicts that an average 14-year-
old would be at the limit of his/her reading comprehension ability with that book !
This is because most readability formulae are based on a 50 per cent correct answer score
in a comprehension test.
So if a book has reading level of 14 years, an average 14-year-old pupil would score only
50 per cent on a test of comprehension of that text !
. . . and 50 per cent is a long way from full comprehension !

4. The intended level of a book, as stated in its introduction or the publisher’s catalogue is
often a poor guide to the reading age need to study the text.  Publishers are fond of the
phrase ‘has a controlled reading age’ but this is virtually meaningless in practice.

5. In all discussions of readability tests it should be remembered that they are designed
‘for rating, not for writing’.  ie. they are useful for analysing a text after it has been
written.  Trying to write to a formula tends to produce an uncomfortable staccato style.

6. Readability formulae cannot be the sole judge of the suitability of a text.  Other factors
need to be considered : for example, the size of type and length of line, sentence
structure, the number of words per page, the use of colour, the use of diagrams, the
page layout and whether confusing cross-references such as ‘see Fig. 39.27’ are
required, the number of concepts per paragraph, the use of white-space between
paragraphs, whether the text is ‘interactive’, the human interest score, etc.
The tables on the web-site include two different human interest scores.

7. Readability formulae do not distinguish all the subtleties of the authors’ styles.  For
example, consider the following sentences:

The cat sat on your mat. The cat on the mat sat.
The cat sat on the mat. On the mat sat the cat.
On the mat the cat sat. Sat: the cat on the mat.
Sat, on the mat: the cat. Sat the cat on the mat?

Readability formulae will give the same value to each of these sentences even though
the first example is probably the most readable.  (It has a personal touch and a clear
sequence of subject-verb-object which names the topic and then describes it.)

However readability formulae do distinguish very clearly between crisp and extended
styles of writing.  They will easily distinguish between:

‘The cat sat on the mat’    and
‘The feline reclined on the axminster’.

Some Physics texts have sentences of over forty words with one or more subordinate
clauses and two or more new concepts.  In such cases it is very doubtful if many pupils,
when eventually reaching the full stop, can remember what the beginning of the
sentence was about, still less extract the essential meaning from it.

8. Finally, consider a situation that must occur frequently in our schools.  A 14-year-old
pupil studies ‘Lord of the Flies’ (reading age just 11 years) in an English lesson and
then moves, after the lesson bell, to a Science lesson where his textbook requires a
reading age of 15 or more.  There are three reasons why this situation requires an
excessively large adjustment by the pupil.

First, the texts require a jump in reading age of four years (or perhaps even more,
because of the numerical parts of the science texts).  This makes it unnecessarily
difficult for the student to get past the English in order to get to grips with the Science.
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Pupils prefer to read below their reading level, and research by Klare [20] shows that
they retain more in these circumstances.  For a pupil to read independently (without
help, but with comprehension), the reading level of the text should be two years below
the pupil’s reading level.  Klare also found that if there is little motivation, differences in
readability affect the student’s comprehension even more strongly.

Second, the pupil’s motivation may be adversely affected by the subject matter.  In
English the pupil is likely to be entertained and carried along by the story, but in Science
s/he will be required to exert her/himself to complete specific tasks and calculations.
Most people prefer novels, rather than science texts, when reading for pleasure.

Third, the situation may be worse still, because of the way in which texts are used in
these subjects.  Harrison and Gardner [21] distinguish between supported and
unsupported texts.  In subjects like 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 questions.
Science texts, by comparison, are used infrequently in class (except for setting work
when the teacher is absent).  They are used mostly as a basis for homework, unsupported
by the presence of the teacher.  Harrison and Gardner show that the reading ages of
science texts ought to be about two years less than those of supported texts.
Clearly, this is not the case.  Indeed, I wonder just what does happen when we say to a
class, ‘Read these pages for homework’.

     Keith Johnson
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