Last Rites for Readability Formulas in Professional Communication

Abstract— Some reading researchers and technical communicators assume the efficacy of
readability formulas. Reading researchers use such formulas to equalize the reading difficulty of
texts used in experiments. Results of an informal Internet survey indicate that some professional
writers and editors use readability formulas that are integrated into software applications. This
article proposes that readability formulasfail to predict text difficulty. The results of an
experiment demonstrate that “text difficulty” is a perception of the reader and therefore cannot
be objectively calculated by counting syllables, word length, sentence length, and other text

characteristics.

Introduction
Readability formulas are designed to predict the level of difficulty areader will experience
with atext. They are based largely upon certain assumptions of English composition inherited by

professional writers and editors. These assumptions include:

» Shorter sentences are easier to read than longer sentences.
*  Wordswith fewer syllables are easier to read than words with more syllables.
» Shorter words are easier to read than longer words.

» Active constructions are easier to read than passive constructions.

There are literally hundreds of readability formulas proposed or used to predict text

difficulty [1]. According to Abram, readability formulas date back to 900 A.D. [2], but modern
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interest can be traced back to the 1940s, when Flesch popularized his Reading Ease Formula [3].
While preparing materials for a pilot reading experiment, | equalized three experimental texts
according to the Dale-Chall formula[4] and other text characteristics, assuming the efficacy of
readability formulas in objectively measuring text difficulty. During my literature search for the
experiment, | discovered that reading researchers often use readability formulas to equalize
experimental texts, with three formulas being the most popular: Fry [5] [6] [7], Flesch [8] [9]
[10], and Dale-Chall [11] [12]. A few researchers incorporated the basic philosophy of
readability prediction into homemade formulas [13] [14].

However, after conducting the reading experiment, | suspected that the texts were not at all
equivalent, despite their having nearly equivalent characteristics. Voluntary comments from the
subjects of the experiment aso indicated that the texts were not equivalent in reading difficulty.
Were all of the researchers who used readability formulas to equalize texts wrong about the
efficacy of readability formulas?

| propose that readability formulas cannot predict text difficulty. Moreover, the textbooks
used to prepare today’ s technical communicators do not sufficiently address the efficacy of these
metrics. In thisarticle, | demonstrate that some professional writers and editors aswell as
reading researchers faithfully use readability formulas. | present the results of an experiment to
demonstrate that “text difficulty” is a perception of the reader and therefore cannot be
objectively calculated by counting syllables, word length, sentence length, and other text

characteristics.
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Tacit Approval

Published in places rarely visited by professional communicators, evidenceis piled high
against using readability formulas to match the difficulty of atext to a particular audience. For
example, the U.S. Army flatly condemns formulas, stating, “Formulas cannot match material to
reader” [15, p. vii]. Likewise, in a study to determine the usefulness of readability formulasin
evaluating and modifying texts written for adult basic education, Taylor and Wahlstrom found
readability formulas inadequate, principally because they disregard the reader [16]. About fifteen
years ago, Redish and Selzer explicitly warned technical communicators that readability
formulas are ineffective predictors of text difficulty [17]. Similarly, Giles applied readability
formulas to technical texts and concluded that the “formulas can mislead writers by focusing on
factors that may beirrelevant to writers needs, completely ignoring other factors’ [18, p. 137].

In the past five years, even academic journals and magazines in technical communication
have been silent on readability formulas, including |EEE Transactions on Professional
Communication, the Journal of Technical Writing and Communication, Technical
Communication, and Intercom Magazine. Jim Hanna, once holder of a column on editing tucked
in the back pages of Technical Communication, has been alone voice on this subject in the past
fiveyears. “No index isthe true index,” he says. “Each isits own short cut to judging its own
concept of ‘readability’” [19, p. 560]. However, Hanna goes on to instruct writers how to use
Gunning’s Fog Index, the Flesch Reading Ease Formula, and the Dale-Chall Formula, despite
his caveats.

It s;ems asif the abundant information on where to access readability formulas and how to
use them far outweighs information about their efficacy. For example, on her award-winning

Web site, educator and author Kathy Schrock advocates the use of Fry’s readability graph to
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educators [20]. In text books, caution flags wave at half-mast, or no flags wave at all. Of the
dozens of technical writing text books reviewed for this article, only two mention readability
formulas [21] [22]. While both books are skeptical about the efficacy of readability formulas, the
few paragraphs devoted to the subject among all the reviewed text books are mere noise
compared to the treatment it deserves. |s the next generation of technical communicators

interpreting this silence astacit approval to use readability formulas?

Readability Indices Used by Professional Technical Communicators

No doubt, reading researchersin many disciplines rely on readability formulas, but what
about practitioners? | put that question to the test in an informal Internet survey where
professional communicators congregate. The survey instrument, shown below, was posted to
two newsgroups for technical communication, a newsgroup for copy editing, and a newsgroup
for usability testing. The survey asked questions not only about general knowledge and use of
readability formulas but also about knowledge and use of readability indices built into word-
processing programs. The most popular of these programs, Microsoft Word [23], uses four
readability indices, including the Flesch Reading Ease index. To avoid influential discussions
about readability formulas in these newsgroups, | instructed respondents to return their

completed survey forms directly to me instead of posting them to the newsgroups.

BEGIN SURVEY

. Areyou familiar with readability formulas?

. If you are familiar with readability formulas, which ones?

. What do readability formulas measure?

. Did you know that some word processors, such as Microsoft Word, have built-in readability
indices?

. Do you ever use the readability index on your word processor?

A OWNBE

ol
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6. If so, what do you do with that information?

7. Do you ever calculate by hand or other means the readability score of a document using the
criteria of areadability formula, such as average sentence length, average number of letters
per word, and average number of syllables per word?

8. If s0, what do you do with that information?

END SURVEY

Survey instruments can measure three human conditions: cognitive (what the respondent
knows), behavioral (what the respondent does), and affective (how the respondent feels).
Because the purpose of this article is to increase awareness about readability formulas and
thereby change the behavior of those who use them, | designed the survey to measure only
knowledge and behavior. That is, what do technical communicators know about readability
formulas and how does that knowledge influence their behavior?

Over athree-day period, 71 people responded to the survey. One survey response was
thrown out because only one question was answered. The remaining 70 responses are

summarized below.

Question 1 Out of the 70 respondents, 62 (88.6%) indicated that they were familiar with

readability formulas.

Question 2 Out of the 62 respondents who indicated familiarity with readability formulas,
most were specificaly familiar with variations of the Flesch-Kincaid or Flesch Reading Ease
formula (N= 40, 64.5%) and Gunning’s Fog Index (N = 33, 53.2%). Eight respondents (12.9%)
listed the readability indices in Microsoft Word, but not by name. Other formul as mentioned
include the Technical Clarity Index, Dale, and Cloze (which is technically not aformula but an

investigative procedure). Figure 1 shows the distribution.
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Figure 1. Distribution of particular readability formulas with
which respondents are familiar.

Question 3 Most of the respondents who were familiar with readability formulas thought
that readability formulas measure the difficulty of reading or the comprehension level of atext
(N = 26, 41.9%). Twenty-two (35.5%) thought that the formulas indicate the grade or age of the
reader for whom atext is appropriate. Eighteen (29%) thought that readability formulas measure

text attributes—such as sentence length, word length, and number passive verbs. Figure 2 shows

the distribution.
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Figure 2. Distribution of what respondents say readability formulas
measure.
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Question 4 The vast mgjority of respondents knew that some word processors, such as
Microsoft Word, have built-in readability formulas (N = 64, 91.4%).

Question 5 Three responses to this question were thrown out because of ambiguous
wording. Of the remaining 67 respondents, 39 (58.2%) use readability formulas, while 28
(41.8%) do not. Of the 39 respondents who use readability formulas, 41% (N = 16) indicated
that they use the indices routinely. About one fourth (N = 10) of this group of respondents
indicated that they rarely use the formulas. However, only serious users were counted as
answering “Yes’ to Question 5. Respondents who indicated that they use the indices playfully or
out of curiosity were not counted as users but were instead counted as answering “No” to

Question 5. Figure 3 shows the distribution of how frequently the respondents use the indices.
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Figure 3. Distribution of how frequently respondents use
readability indices.
Question 6 Of the 39 respondents counted as using readability indices on their computers,
more than one third (N = 14, 35.9%) revise texts to match a particular index value, such asa
particular Flesch-Kincaid Grade Level. For example, consider the following typical response

from this group of users:
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Manuals targeted at a general audience | strive for areading level of 7 or 8. Manuals

targeted at an audience of college graduates | strive form areading level of 10 or lower.

Thisfinding indicates that some writers and editors are taking readability formulas serioudly.
Such a serious treatment means that writers and editors may be conveniently using the indices on
their computers to make editorial decisions, which should be based upon training and
experience.

Almost another third of index users use the indices to verify the difficulty of atext, but these
respondents did not elaborate on any activity beyond verification. Four of the respondents (about
10%) stated that a corporate contractor, government agency, or the military required that texts be
written to match specific grade-level indices. Thisfinding may be worth investigating to
determine the root source, prevalence, and influential power of businesses and government in
shaping the use of readability formulas. Figure 4 shows the distribution of what the respondents

do with readability indices.
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Figure 4. Distribution of how respondents use readability indices

Question 7 Only 13 (18.6%) of the respondents cal culate readability scores by hand or other
means. Respondents generally did not indicate how frequently they perform such calculations.

Question 8 About one quarter of the respondents who calculate readability scores by hand
revise texts to match a particular index, such as a particular Flesch-Kincaid Grade Level. The
same number use the indices to verify the difficulty of atext or to conform textsto the
requirements of a corporate contractor, government agency, or the military. Figure 5 shows the

distribution of what the respondents do with hand-cal culated readability scores.
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Figure 5. Distribution of how respondents use readability scores

The results of the survey are meant to be taken as an indication of how widely readability
indices are used, not as scientific datafit for inferential statistics. As such, the survey results
indicate that some technical communicators are using readability formulas, especialy the indices

built into word processors.
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Text Difficulty Is a Perception: Some Empirical Evidence
Some reading researchers and technical communicators continue to use readability formulas
to determine text difficulty. With little evidence to contraindicate the effectiveness of readability
formulas, this practice cannot be too readily condemned. To demonstrate that “text difficulty” is
determined by individual differences (perception) and not by the objective qualities of atext, |

conducted a reading experiment with texts equalized according to 15 text characteristics.

Subjects

Fifty-seven college students from the University of Tennessee and Pellissippi State Technical
Community College in Knoxville, Tennessee were invited to participate in a within-subjects
experiment. All subjects were notified about the experiment about two weeks before the
experiment was conducted. Participation was voluntary, and subjects were informed that they

could withdraw from the study at any time.

Materials

Three experimental texts—a short story, news story, and technical description—were
equalized according to the 15 characteristics shown in Table 1. “Rosary,” a short story by Robert
Kelly, was selected from Sudden Fiction to represent the short story [24]. A straight news story
from the Knoxville News-Sentinel was modified to represent the news story [25]. Text from
pages 30 to 38 of London and Upton’s Photography was used to create the technical description
[26].

The short story was used as the reference text. The news story and technical description were
revised until they matched as closely as possible the short story in all fifteen characteristics. All

four texts were conformed to The Chicago Manual of Style to prevent correctness from
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becoming a nuisance variable [27]. To verify equality of the texts, a Pearson product-moment
correlation procedure was conducted to yield a Pearson’s correlation coefficient for each pair of
texts. As shown in Table 2, the correlation coefficients are near unity, indicating a high degree

of correlation.

Table 1. Characteristics of Each Text

Genre
Text Characteristic Fiction News Technical

1) No. of Words 359 359 359

2) No. of Syllables 463 473 466

3) No. of Characters 1469 1498 1475

4) No. of Lines 22 22 22

5) Vocabulary Difficulty 1405 1376 1399

6) No. of Different Words 174 166 169

7) No. of Pronouns 41 27 31

8) No. of Dependent Clauses 12 18 13
9) No. of Compound Sentences 3 3 3
10) No. of Terminal Marks 16 16 16
11) No. of Colons 0 0 0

12) No. of Commas 18 15 17
13) No. of Semicolons 3 3 3
14) No. of Hyphens 5 4 4

15) No. of Dashes 0 0 0
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Table 2. Pearson Correlation Coefficient for Each Text Pair

Short Story News Story Tech Description
Short Story 1.00000 0.9997 0.99997
News Story 0.9997 1.00000 0.99983
Tech Description 0.99997 0.99983 1.00000

Word difficulty of each text was determined by the Living Word Vocabulary and its
supplement [28] [29]. Each of the 44,000 words in the Vocabulary was included in a twenty-
five-year study to determine the percentage of students who can correctly define the word.
Students were given three definitions from which to choose, one of which was the correct
definition. The study yielded a grade level and percent of students selecting the correct definition
for each of the 44,000 words tested. The Living Word Vocabulary was selected over word-
frequency lists to measure word difficulty because word-frequency lists do not differentiate
between multiple meanings. For example, in the Vocabulary, the word point has eight different
entries reflecting eight different meanings. A word-frequency list includes one entry for the
word point.

To render aword-difficulty measure from aword’ s grade level and percent score, Scott’s pi
was used. By chance, a person will choose the correct definition of aword from three options

thirty-three percent of the time. Scott’s pi takes this chance into account:

oY
I
@Y

=
|
@Y

where Po is the percent of observed correct answers and Pe is the percent of correct answers
expected by chance [30, p. 148]. Therefore, the difficulty of each word was calculated using the

following formula:
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Word Difficulty = Grade Level *[( R, — 0.333)/0.666]

The higher the percent score recorded for aword, the lower the word difficulty. All auxiliary
words, such asto in infinitives and had in past perfect tense, were assigned a grade level of 4
and a percent of 67. The aggregate word difficulty of each text was determined by ssimply

summing al word-difficulty calculations.

Procedure

Each subject was given al three texts—the order of which was randomized—and asked: “On
ascae of oneto ten, with one representing ‘ extremely easy to understand’ and ten representing
‘extremely hard to understand,’ rate the difficulty of the text you just read. (Circle a number
from oneto ten.)” “Text difficulty” was defined as “how hard isit to understand what the text is

talking about?’ There was no time limit placed upon the exercise.

Results

Table 3 shows the results of two repeated-measures analyses of variance (ANOVAS), which
compared the mean of the news-story group and the mean of the technical-description group to
the mean of the short-story group. The results of the ANOV As indicate a consensus among the
college students. They found the news story easier to understand than both the short story and
the technical description. However, they perceived the short story and the technical description
about equally difficult to read.

Table 3. Means for Perceived Text Difficulty and Two-
Tailed Probabilities for Mean Differences between
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Short Story and News Story, Short Story and Technical

Description
Prime N Mean SD p Value
Short Story | 57 4.61 2.09 H
News Story | 57 3.18 2.35 0.0007*
Tech Desc 57 4.77 2.54 0.7016

*p < 0.0L.

Discussion

Because they are created by the reader, concepts cannot be measured. Readers become aware
of aconcept only after they create meaning from atext. The textual characteristics we can
measure—such as vocabulary (semantics)—do not tell us much about intelligibility or
complexity of concept. Consider the following sentence from Noam Chomsky, which
demonstrates how syntax and semantics function independently from meaning: “Colorless green
ideas sleep furioudly.” This sentence rates a good readability score, yet areader will fail to yield
aconcept from it at all. A readability formulawill tell usthat the sentence isfairly simple, while
our sense-making faculty tells usthat it is extraordinarily complex. The syntax of the sentenceis
impeccable, but like combining water and ail, the general concepts represented by the words
cannot be synthesized to create a specific concept.

Text difficulty smply cannot be determined from a surface structure. Consider the two texts
below. Version 2 was created from Version 1 by randomly scrambling all the nouns. Table 4
shows how the two texts match up. Even though a Pearson product-moment correlation
procedure indicates nearly equal text characteristics (r = 0.99999), it is hard to deny that the
differences are immense, with Version 1 representing a reasonably readable text and Version 2

representing gibberish.

Version 1
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We must control light if our eyes, or our cameras, are to form images of objects. Y ou cannot
simply place a square piece of film in front of a person and hope that an image of him will
appear on the film. The rays of light bouncing off the person would disperse al over the film,
which will cause a featurel ess exposure on the surface of the film rather than the likeness of the
person. What one needs to form the likeness of the person on the film is some sort of device that
refracts the rays of light from an object onto the film. All lenses do this basic job; they collect
light-rays coming from a scene in front of the camera, then project them as an image onto a
sheet of film at the back. To render sharp photographs, a lensis thicker in the middle than at the
edges. Lenses can merge many rays of light from a single point and bend them straight toward
each other, so that light converges at afocal point.

Version 2
We must control persons if our likenesses, or our objects, are to form likenesses of persons. You
cannot ssimply place a square exposure of film in front of an image and hope that a device of him
will appear on the film. The light of edges bouncing off the job would disperse all over the
person, which will cause afeatureless middle on the point of the rays rather than the image of
the film. What one needs to form the lens of the rays on the objectsis some eyes of sort that
refracts the film of photographs from alight onto the scene. All backs do this basic camera; they
collect pieces coming from afilm in front of the light, then project them as alens onto a camera
of point at the sheet. To render sharp light, afilm isthicker in the light-rays than at the light.
Surfaces can merge many persons of rays from a single image and bend them straight toward

each other, so that film converges at afocal lens.

Table 3. Comparison of Text Characteristics

Text Characteristic Version 1 Version 2
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No. of Words

No. of Syllables

No. of Characters

No. of Lines

Vocabulary Difficulty

No. of Different Words
No. of Pronouns

No. of Dependent Clauses
No. of Compound Sentences
No. of Terminals

No. of Colons

No. of Commas

No. of Semicolons

No. of Hyphens

No. of Dashes

179 179
231 232
724 727
11 11
698 698
99 96
11 11
6 6
1 1
7 7
0 0
6 6
1 1
1 1
0 0

Figure 6 shows the readability indices for the two texts from Microsoft Word. Note that

although Version 2 isincomprehensible, the Flesch-Kincaid Grade Level indicatesthat it is

appropriate for a person with an eighth-grade reading skill.

Readability Statistics Readability Statistics
Lotz Counts:
Yeuards 7R ‘Wards 178
Charschers T34 Characters 742
P i o i Paragraphs 1
Sariarss 7 Sentences 7
Herragea; Averages:
Serderoes per Parsgraph 7 Sentences per Paragraph 7
Wioends pe Seabinbe 543 ‘Waords per Sentence 25.43
Chfathirs pbi Ward 4.7 Characters per Waord 4.9
Fendafility Readability:
LRl e n=s Pazzive Sentences 0%
Fleach Pesding Eaee 7541 Flesch Reading Ease 74.94
[Fleachi- KN raabd Grads L] BZ7? Flesch- Kincaid Grade Level 8.33
Caliin- Ligi Gride L L84 Coleman-Liau Grade Lewvel 6.94
BarmukhGreds Lasl B0 Barmuth Grade Lewel .10
Version 1 Version 2

Figure 6. Readability indices from Microsoft Word.

To adequately measure sentence difficulty, one would have to discriminate between content

and non-content words, abstract and concrete words [31], technical and non-technical words. But
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even if someday we innovate an adequate measuring stick for sentence-level difficulty, we will
probably never devise an objective method for measuring the difficulty of an entire composition.
Because readers are the meaning makers, the difficulty of understanding a composition—that is,
text difficulty—isin the eye of the reader, not in the digits of aformula. Meaning is aways
construed through the prism of a personal psychology [32], and the concept of “readability” has
social and cognitive elements that formulas cannot resolve [33, p. 171]. Therefore, any index of
text difficulty would have to be qualified by individual or group characteristics.

The content of atext may be the most elusive and confounding of its elements, defying
guantification altogether [34]. Readability predictions based upon formulas do not involve the
content and vary widely from formulato formula [35]. The premise behind most of these
formulas is the equation between sentence length and reading difficulty. However, short
sentences may be afalse characteristic of areadable text. According to Pinker, as“long as the
words in a sentence can be immediately grouped into complete phrases, the sentence can be quite
complex but still understandable’ [36, p. 203]. For example, “The House That Jack Built,” a
well-known nursery rhyme, concludes with a 71-word sentence with 13 relative clauses [37].
Although this nursery rhyme would rate alow readability score by most readability formulas, it
nevertheless remains in the canon of pre-school treasures. Also, assigning alevel of difficulty to
aword based upon its frequency of use may be afaulty metric. For example, “many words that
[are] infrequent, like bow-wow and popcorn, [are] not that hard to understand” [38].

McEneaney suggests that predicting text difficulty may require a neural network, whichis
“an approach to computing that attempts to make computers more brain-like in the way they

operate and are constructed” [39, p. 81]. But whose brain will this network emulate? Whose
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judgment will the computer bring to bear upon atext? Objectively predicting text difficulty is

likely forever insurmountable.

Implications for Researchers and Practitioners

The inadequacy of readability formulas to measure text difficulty implicates both researchers
and practitioners. For researchers, the problem extends deep into methodology. For example,
researchers who conduct reading experiments sometimes need to create several textsthat are
equal in reading difficulty. No readability formulawill give the researcher such an assurance.
One aternativeis to use the Cloze procedure. Ponderous indeed, this procedure involves deleting
every fifth word of each text and distributing the texts to experimental subjects, who must then
fill in the missing words. The goa of this procedure isto get the same average percentage of
correct answers for each experimental text. However, a perfect match on the first draftsis highly
unlikely. A single Cloze procedure is expensive and time-consuming, and success ve procedures
conducted after revisions of the texts ssimply add to the cost in time and money.

Perhaps the only reliable way to precisely match texts for areading experiment isto use the
same text in each treatment group, to find a text that can serve al treatment groups without
denying the readers’ expectations. It isarare technique, but it is not without its supporters [40].

Professional communicators face yet another problem: matching the difficulty level of their
texts to their intended audiences. Beyond using the executive vocabulary of the intended
audience, writers and editors may best serve their audiences by systematically reducing barriers
to fluid reading, rather than whittling texts to match areadability index. However, as
professional writers and editors know all too well, detecting problems with atext isno simple

matter. De Jong and Lentz conclude from the results of an experiment that “technical writers
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appear to overlook many problems that readers detect,” and that technical writers seldom agree
on what constitutes a problem for the reader [41, p. 516]. Given that the job of atechnical
communicator is plagued with uncertainties, some systematic method of discovering text

difficulty certainly seemsin order. However, readability formulas smply do not fit the bill.

Conclusion

The inclusion of readability indices in word-processing programs may account for the use of
readability formulas to assess text difficulty in corporate environments. Most audiences of
technical documents read to do. Therefore, usability testing of a document seems much more
appropriate for measuring how effectively atext conveys technical information than aformula
However, usability testing may be considered elaborate, time-consuming, and expensive. To
save time and money, technical communicators may be tempted to click a mouse to invoke an
index of readability. For the same economic reasons, reading researchers may be tempted to use
apublished readability formulato equalize texts for reading experiments.

The fact that readability indices can be generated by afew mouse clicks makes their use, and
misuse, that much more seductive. However, evidence against using readability formulas
indicates that such indices may be less useful than the “gut feelings’ of trained writers and
editors. Perhaps teachers and authors of textbooks in technical communication can include more

information about readability formulasin their curricula and products.
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