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Abstract
Purpose Patients screened for colorectal cancer (CRC) fre-
quently turn to the Internet to improve their understanding of
tests used for detection, including colonoscopy, flexible sig-
moidoscopy, fecal occult blood test (FOBT), and CT
colonography. It was of interest to determine the quality and
readability levels of online health information.
Methods The screening tools were googled, and the top 20
results of each test were analyzed for readability, accessibility,
usability, and reliability. The 80 articles excluded scientific
literature and blogs. We used ten validated readability scales
to measure grade levels, and one-way ANOVA and Tukey’s
honestly statistical different (HSD) post hoc analyses to deter-
mine any statistically significant differences among the four

diagnostic tests. The LIDA tool assessed overall quality by
measuring accessibility, usability, and reliability.
Results The 80 articles were written at an 11.7 grade level,
with CT colonography articles written at significantly higher
levels than FOBT articles, F(3, 75) = 3.07, p = 0.033. LIDA
showed moderate percentages in accessibility (83.9 %), us-
ability (73.0 %), and reliability (75.9 %).
Conclusions Online health information about CRC screening
tools are written at higher levels than the National Institute of
Health (NIH) and American Medical Association (AMA)
recommended third to seventh grade levels. More patients
could benefit from this modality of information if it were
written at a level and quality that would better facilitate
understanding.

Keywords Colorectal cancer screening . Readability . Health
literacy . LIDA

Introduction

Colon cancer is the third most common cause of cancer death
in the USA, with approximately 140,000 new cases of large
bowel cancer being diagnosed annually and more than 50,000
Americans expected to die of colorectal cancer each year [1].
While the rates of colon cancer screening have increased from
38 % in 1990 to 65 % in 2010, in patients with low literacy—
defined as less than a high school level—the screening rate
remains under 50% [2]. Corroborating this fact,Meissner et al.
showed that colorectal cancer screening rates are higher in
adults who are better educated [3]. The health belief model
[4] demonstrates that health information that addresses pa-
tients’ perceptions and beliefs about colorectal screening can
increase patient compliance with screening guidelines [5].
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The Internet is a widely accessible tool for patients to gain a
more comprehensive understanding of their conditions, diag-
nostic tests, and treatment plans. The Pew Internet and the
American Life Project reported that 66 % of the 128 million
American adults that have Internet access use it to search for
health information [6]. BThe Social Life of Health
Information^ demonstrated that of the 74 % of American
adults who utilize the Internet, 80 % have searched online
for multiple topics regarding specific diseases and treatments
[7]. American adults additionally use the Internet to share the
perspectives of others enduring similar health problems, inter-
pret reviews of recommended drugs, and evaluate the online
rankings of medical providers [8]. In fact, from 2002 to 2005,
the percentage of Americans who reported the Internet playing
a crucial role in coping with a major illness increased by 40 %
[6].

With a growing reliance on the Internet for health informa-
tion, it is crucial to consider patient’s literacy, as it imparts
their ability to interpret health information [9]. Studies show
that health literacy is an independent predictor of health-
related quality of life [10]. In fact, patients with low health
literacy have less understanding about their health, worse
health patterns [11], and lower life expectancies [12] than
those with higher health literacy. Another study indicated that
15 % of adults with below basic health literacy, 31 % of those
with basic health literacy, 40 % with intermediate health liter-
acy, and 62 % with proficient health literacy rely on the
Internet for information regarding health topics [13].
Additionally, poor health literacy has been correlated with an
overall increase in health care costs [14], likely due to in-
creased complications that require hospital intervention [15],
increased hospitalizations, and poorer overall health [16].

Many national physician organizations fund websites with
patient information about conditions, treatments, and proce-
dures to improve patient understanding. Still, several studies
demonstrate that health information is written at a level that is
too advanced for the average American to fully comprehend
[7, 9, 13, 17–28]. Recent studies show that the average
American reads at an eighth grade level, and with this in mind,
the National Institutes of Health (NIH) and AmericanMedical
Association (AMA) recommend that patient education mate-
rials be written at a third to seventh grade level [29, 30].

This study investigates the characteristics of online patient
education articles about colorectal cancer screening tools that
can impact health literacy. These include assessing readability,
reliability, accessibility, and usability of these articles in an
attempt to explain why the rates of colorectal cancer screening
are stagnant despite the growing use of the Internet for health
information. Readability is defined as the level of difficulty of
written text and corresponds to patient comprehension.
Reliability indicates the accuracy of information, which in-
cludes assessing the quality control used to monitor the infor-
mation and ensuring that the information reflects the most

current knowledge. Accessibility measures the quality of
web navigation, including opening the website in different
browsers, utilizing automatic tools, and accessing informa-
tion. Usability refers to the ability for users to obtain the in-
formation they desire from a website based on its design and
structure [31]. We specifically evaluate three common tests—
colonoscopy, flexible sigmoidoscopy, and fecal occult blood
test (FOBT)—as well an additional tool gastroenterologists
may utilize for screening—CT colonography. It was also of
interest to determine if there were any differences among the
various screening tools. To the best of our knowledge, this is
the first study to look at the readability, accessibility, usability,
and reliability of information about these colorectal screening
tools from websites that patients would most commonly en-
counter online.

Methods

In October 2015, Bcolonoscopy ,̂ Bflexible sigmoidoscopy ,̂
Bfecal occult blood test^, and BCT colonography^ were
searched on google.com. The top 20 patient education
results for each search attempt were copied and pasted into
individual Word documents, for a total of 80 articles. Pictures
and accompanying captions, references, and URLs were
deleted to avoid adding variables that could skew the results.
Scientific literature was also excluded. These articles were
analyzed with ten frequently used readability assessments to
determine if the text is at an appropriate academic grade level.
The validated tools include the Flesch reading ease (FRE) [11]
, Flesch-Kincaid grade level (FKGL) [32], simple measure of
gobbledygook (SMOG) [12], Coleman-Liau index (CLI) [33],
gunning fog index (GFI) [34], New Dale-Chall (NDC) [35],
FORCAST formula [36], Fry graph [17], Raygor reading es-
timate [18] [18], and the new fog count (NFC) [35].

The FRE evaluated readability by generating scores be-
tween 0 and 100. The scores corresponded to the ranges in-
cluding Bvery difficult^ (0–30), Bdifficult^ (31–50), Bfairly
difficult^ (51–60), Bstandard^ (61–70), Bfairly easy^ (71–
80), Beasy^ (81–90), and Bvery easy^ (91–100). The remain-
ing nine tools for calculating the readability level are based on
various quantitative algorithms (Table 1). The differences in
level of readability between the five different search terms
were assessed with a one-way ANOVA and post hoc analysis
was done using Tukey’s honestly significant difference (HSD)
test.

The LIDA instrument, developed by Minervation, was
used by three separate evaluators (ESJ, AMJ, PJT) to measure
reliability, accessibility, and usability [37]. LIDA is a widely
used 54-item questionnaire to assess medical websites
[38–41]. Each question is given a score from 0 to 3, 0 corre-
sponding to Bnever,^ 1 corresponding to Bsometimes,^ 2 cor-
responding to Bmostly,^ and 3 corresponding to Balways.^
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The elements that are measured include browser text, full text
availability, meeting Internet standards, clarity, consistency,
functionality, engageability, conflicts of interest, content pro-
duction, and output of content. These are automatically com-
puted to create the percentages of the three domains—reliabil-
ity, accessibility, and usability [31]. A satisfactory score is
>90 %, a moderate score is 50 to 90 %, and a poor score is
<50 %. Each of the investigators received an unused LIDA
tool containing the individual questions along with two pages
containing information about the LIDA tool and its goals. A
separate data entry sheet with the URLs of each website was
administered to the evaluators. No responses were shared
among the investigators while the articles were being
assessed.

Results

Collectively, the 80 articles were written at an 11.7 grade level,
with none of the articles written below a seventh grade level.
Over one third (36.3%) of articles were written above the 12th
grade level, which corresponds to a college level and higher.

All of the patient education articles about colonoscopies, flex-
ible sigmoidoscopies, FOBTs, and CT colonography were
written above grade levels 8.0, 8.2, 7.3, and 8.8, respectively,
and at an average grade level of 11.6, 11.4, 10.8, and 12.8,
respectively (Fig. 1).

Each of the readability tests showed results that were higher
than the AMA-/NIH-recommended third to seventh grade
levels. The FRE test showed the majority of articles were in
the range of 45 to 50, corresponding to BDifficult,^ with an
average of 46.5 ± 15.0. The Fry graph (Fig. 2) revealed the
highest average at 13.4 ± 3.2, and the NFC produced the
lowest average grade level at 9.4 ± 3.2. The CLI and NDC
demonstrated that the articles collectively averaged a grade
level of 11.4 ± 2.1 and 11.1 ± 2.8, respectively. The individual
averages produced by each of the readability tests for the four
screening methods are depicted in (Table 2, Fig. 1). One-way
ANOVA results showed significant differences with the CT
colonography articles written at a more difficult level when
compared to the FOBT, F(3,75) = 3.07, p = 0.033, and the
Tukey HSD post hoc analysis confirmed these significant dif-
ferences at p < 0.05. There were no significant differences
between other groups.

Table 1 Validated readability tools and corresponding algorithms. This table shows the different readability tests and the algorithms that each test uses

Validated readability tools and corresponding algorithms

Coleman-Liau index (CLI) Average number of letters per 100 words (L) and
average number of sentences per 100 words (S)

CLI = (0.0588 × L) − (0.296 × S) − 15.8

Flesch-Kincaid grade level (FKGL) Average number of syllables per word (SY) and
average number of words per sentence (W)

FKGL = (0.39 × W) + (11.8 × SY) − 15.59

FORCAST formula Number of single-syllable words in a 150-word
sample (SS)

FORCAST = 20 − (SS/10)

Flesch reading ease (FRE) Average number of syllables (B), average number
of words per sentence (W), average number of
sentences (S)

FRE = 206.835 − (84.6 × (B/W)) − (1.015*(W/S))

Fry graph Average number of sentences and syllables
per 100 words.

1. Extract a 100-word passage from the selection. 2.
Count the number of sentences in each passage.
(Count a half sentence as 0.5.) 3. Count the number
of syllables in each passage. 4. Find the point on the
chart. (Three samples recommended for best re-
sults.)

Gunning fog index (GFI) Number of sentences (S), number of words (W),
number of words with three or more syllables (C)

GFI = 0.4 × (W/S + ((C/W) × 100))

New Dale-Chall (NDC) Average number of words per sentence
(AW) and percent unfamiliar words (%U)

(0.1579 × %U) + (0.0496 × AW)

New fog count (NFC) Number of complex words (C), number of
easy words (E), number of sentences (S)

NFC = (((E + (3 × C))/S) − 3)/2

Raygor readability estimate (RRE) Average number of sentences and long
(six or more characters) words per 100 words.

1. Select a 100-word passage from the selection. 2.
Count the number of sentences, estimated to the
nearest tenth. 3. Count the number of words that
are six or more letters. 4. Find the point on the chart.
(Three samples recommended for best results.)

SMOG readability formula
(SMOG)

Average number of words with three or more
syllables (C) and average number of sentences (S)

SMOG = 1.043 × Sqrt (C × (30/S)) + 3.1291

CLIColeman-Liau index, FKGL Flesch-Kincaid grade level, FRE Flesch reading ease,GFI gunning fox index, NDC new Dale challenge,NFC new fog
count, RRE Raygor readability estimate, SMOG simple measure of gobbledygook
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Fig. 1 Readability assessments scores for all patient education articles.
FRE Flesch reading ease, CLI Coleman-Liau index, NDC new dale
challenge, FKGL Flesch-Kincaid grade level, GFI gunning fox index,
NFC new fog count, RRE Raygor readability estimate, SMOG simple
measure of gobbledygook. This figure shows the mean reading levels
of all the articles as measured with the nine individual readability scales

(CLI, FORECAST, Fry, NDC, FKGL, GFI, NFC, RRE, and SMOG).
The red line depicts the 12th grade reading level, and the shaded area
represents the NIH and AMA recommended third to seventh grade levels.
The asterisks indicates that the average grade level of CT colonoscopy
articles is significantly higher than the average grade level of FOBT
articles [F(3, 75) = 3.07, p = 0.033]

Fig. 2 Fry graph results of grade levels. The Fry graph shows that the majority of articles were written above the third to seventh grade-recommended
grade levels for patient education
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The LIDA tool showed the accessibility, usability, and re-
liability of the information was 83.9, 73.0, and 75.9%, respec-
tively. A depiction of the scores for the individual screening
tools is found in Fig. 3. These results correspond to moderate
percentages, which range from 50 to 90 %.

Discussion and conclusions

Colon cancer is a preventable disease with adequate screen-
ing. Studies show that screening rates are higher in patients
whose perceptions and beliefs about colorectal screening are
addressed [5]. Approximately 84 million American adults use
the Internet to search for health and medical information [6].

Over 70 % of patients report that the knowledge they garner
from the Internet influences their medical decisions [42].
Thus, it is imperative to ensure that the information found
online is written at a level that will enhance patients’ under-
standing of colorectal cancer screening tests and increase the
screening.

We aimed to simulate the patient’s experience patients of
returning from a doctor’s visit and searching for a medical
term online. Google was chosen to search keywords, as it is
the number one search engine in the world, with 67.6 % of the
US search engine market share [10]. The top 20 articles for
each screening tool were chosen as they would represent those
resources that a patient would most likely consult and includ-
ed society sponsored sites such as Medline Plus, the National

Fig. 3 LIDA results of articles.
This box-and-whisker plot depicts
the LIDA scores of each
screening tool. The boxes show
the 25th, 50th, and 75th
percentiles of the scores. The
whiskers show the maximum and
minimum values. The points in
the boxes represent the average
LIDA percentage for each
screening tool. The shaded blue
box represents the 50–90% range,
representing Bmoderate^ quality.
None of the values were
unsatisfactory (under 50 %), and
the majority were moderate
(between 50 and 90 %)

Table 2 Individual grade level averages for each screening test. This table illustrates the grade levels as calculated by the various readability
assessments. The FRE test raw scores are much higher because those values correspond to a qualitative description as depicted in Table 1

Individual grade level averages for each screening test

Test FRE CLI NDC FKGL FORCAST Fry GFI NFC RRE SMOG

Colonoscopy 45.9 11.3 11.0 11.5 11.0 13.4 12.8 9.3 11.0 13.2

Flexible sigmoidoscopy 48.3 11.2 10.9 10.8 11.1 13.7 12.5 8.7 11.0 12.8

Fecal occult blood test 53.8 10.8 9.9 10.1 10.6 11.7 11.8 8.8 11.6 12.2

CT colonoscopy 37.9 12.1 12.5 13.0 11.3 14.9 13.9 10.6 12.8 14.3

All articles 46.5 11.4 11.1 11.3 11.0 13.4 12.8 9.4 11.6 13.1

FRE Flesch reading ease,CLIColeman-Liau index,NDC new Dale challenge, FKGL Flesch-Kincaid grade level,GFI gunning fox index, NFC new fog
count, RRE Raygor readability estimate, SMOG simple measure of gobbledygook

Int J Colorectal Dis (2016) 31:1817–1824 1821



Institute of Health (NIH), the American College of
Gastroenterology’s patient education and resource centers,
the American Society of Gastrointestinal Endoscopy, and oth-
er common health sites such as WebMD, Wikipedia, and
MedicineNet. Scientific research articles were excluded as
these were not written specifically for patient education and
often have extremely complex medical jargon. The articles
surveyed were collectively written at an 11.7 grade level, with
no article written under a seventh grade level, and over one
third of articles written above the 12th grade level, which
corresponds to college level or higher.

With over 100,000 new cases of large bowel cancer being
diagnosed annually, the implications of this study are critical.
Online sources can be beneficial or disadvantageous to the
physician-patient relationship. If the readability level of an
article is too high for the general patient population, then it
may elicit more questions rather than clarify existing ones.
This may translate into confusion for the patient and an overall
sense of distrust for the physician, who may not always be
able to adequately answer patients’ questions within given
appointment times. Studies show that effective communica-
tion lowers patient anxiety and improves overall clinical out-
comes [43]. If resources are written at a level that can facilitate
the understanding of a condition, patients could use the infor-
mation as a supplement for appointments to make informed
decisions about the next steps in their medical care, such as
participating in screenings to detect colon cancer or premalig-
nant lesions.

Ten readability assessments were utilized to confirm the
validity of the results, since each of the tests utilize distinct
characteristics of articles to assign grade levels (Table 1). For
instance, the FORCAST scale is most often utilized to assess
non-narrative patient materials and ignores sentence structure.
The NDC scale is often used to investigate medical literature
as it is based on a list of words appropriate for a fourth grade
level. Both tests showed average grade levels of 11.0 and 11.1,
respectively, both of which are higher than recommended.

There are inherent flaws in the readability assessments, as
there are in any type of tool used to objectify subjective infor-
mation. The scales use the length of sentences, number of
words in each sentence, and other parameters to determine
the complexity of the text. The actual content of the words
and sentences are not interpreted. Thus, shorter words that are
considered less complex by the algorithms may still serve as a
source of confusion for patients seeking health information.
For instance, the words Bfecal^ and Bbiopsy^ are short in
length but still qualify as medical jargon and may be beyond
the scope of what is considered common knowledge.
Likewise, lengthy words that might be commonly understood
by the public could inappropriately increase the level of read-
ability. Additionally, the readability assessments do not take
into consideration word order, which could have an effect on
patient comprehension.

For this reason, the LIDA instrument was utilized to com-
plement these readability studies in determining the reliability,
accessibility, and usability of websites. Ensuring a website is
reliable, current, and unbiased is important for patients who
consider online information when making health-related deci-
sions. The reliability score was moderate—75.9 % (moderate
range 50–90 %). This could be improved by enforcing stricter
guidelines about citing relevant sources and updating health
information regularly. The LIDA assessment revealed an ac-
cessibility score of 83.9 %, which was on the higher spectrum
of the moderate range (50–90 %). All the articles assessed
were freely available and did not require any form of registra-
tion which makes the information more accessible. The infor-
mation from the majority of the sites was also written in a
traditional black-and-white format, which also resulted in
higher scores as all patients, including colorblind patients,
could easily access the information. Choice of increasing font
size could improve this score by easing the online experience
of visually impaired patients. The usability category of the
LIDA tool had the lowest percentage—73.0 %, which was
also in the moderate range. While the site designs were clear,
easy to navigate, and consistent from one page to another, the
websites were often lacking interactive presentations of infor-
mation, such as videos, images, and simulations. If this aspect
were improved, the overall quality of online health informa-
tion about colorectal cancer screening tools may be improved,
and patients may benefit tremendously.

A similar study was conducted 2 years prior in which the
authors investigated colorectal cancer screening patient edu-
cation articles for its readability, health content, and suitabil-
ity which evaluates the content, graphics, layout/typography,
and learning stimulation (47). Despite our study being per-
formed 2 years after and evaluating a broader expanse of
articles from different aspects—readability, reliability, acces-
sibility, and usability—the conclusions have been un-
changed, in that online health information about colon can-
cer screening is still written at much too high of a grade
level. Overall, the implications of this study are quite signif-
icant and relevant given the increasing utilization of the
Internet in making decisions about health care. If the health
information found on these websites could be written at
lower grade levels, it would facilitate patients’ understanding
about their medical conditions, tests, and treatments. This
could potentially help improve the doctor-patient relation-
ship, increase colon cancer screening rates, and ultimately
reduce poor health outcomes. Further directions for this
work include surveying patients about whether the informa-
tion they find online is helpful or detrimental to their deci-
sion to undergo screening. This would further help us deter-
mine how well the results of these objective readability tools
correspond to subjective perceptions of the information. It
would also be of interest to determine how images and sim-
ulation videos/exercises affect the patient’s understanding.
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