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Abstract

Objective: To assess and compare the readability of the twenty-five most accessed English medical articles on
Wikipedia o, 1, 5 and 10 years ago.

Design: The twenty-five most accessed Wikipedia articles on diseases in August 2018 were identified for this
study. The content of the lead paragraphs was formatted to remove any hyperlinks, decimals, colons, semicolons
and periods used in abbreviations. An online tool was then used to assign a score to the readability of each text
sample using the following formulae: Gunning FOG (Frequency of Gobbledygook) index, Flesch-Kincaid Grade
Level (F-K), Simple Measure of Gobbledygook (SMOG) and Flesch Reading Ease (FRE). A single reading grade (RG)
was calculated for each passage by averaging scores from the FOG, SMOG and F-K tests to facilitate interpreta-
tion. These steps were repeated for the lead paragraph of the same medical articles as visible 1, 5 and 10 years ago
on Wikipedia.

Main Outcome Measures: Readability grade (RG) and reading ease (FRE score)

Results: The average (mean) RG of the twenty-five most accessed Wikipedia articles on diseases in 2018 was 12.73
(95% Cl =12.07-13.38), and the average FRE score was 39.91 (95% Cl = 36.09-43.74), a score considered “difficult”.
The number of articles that were easier to read (lower RG and higher FRE) in 2018 was significantly higher when
compared to 2013 and 2008 (p<0.0001), but not significantly different when compared to 2017. When paired by
titles and compared over time, a statistically significant difference in readability (RG and FRE) was seen in 2018
when compared to earlier years: 2017 (Friedman Chi-squared=13.70, p=0.0002), 2013 (Friedman Chi-
squared=46.08, p<0.0001) and 2008 (Friedman Chi-squared=33.03, p=0.0001). None of the pages were written at
the 7th or 8th grade level as recommended by the U.S. National Institutes of Health (NIH).

Conclusions: The average readability of English Wikipedia’s medical pages has improved in 2018 when compared
to previous years. Most of the health information, however, remains written at a level above the reading ability of
average adults.

Introduction and patients, Wikipedia’s Manual of Style reminds au-
thors that its target audience remains the general
As one of the most popular websites on the Internet,  reader.®
Wikipedia is a frequently used source of health infor-
mation by both health professionals and the lay public.
Its English medical content was viewed more than 2.19
billion times in 2018, and more than 160 million times in
the month of December 2018 alone.™ Fifty to 70% of
physicians report using Wikipedia as a source of health
care information and it was the single most used re-
source by medical students (94%).lEI41 Although its
content is often used by both healthcare professionals

Much of the health information available online is writ-
ten at a level that is not accessible to people with low
health literacy. Patients with inadequate health liter-
acy, defined as the skills necessary to access, under-
stand and use health information, have reported worse
health status and less understanding about their medi-
cal conditions and treatment.® Health literacy has been
found to be a stronger predictor of health than age, in-
come, education level and racial or ethnic group.ll”]
The World Health Organization (WHO) considers health
* University of British Columbia, Canada literacy critical for public empowerment, as lower liter-
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of Health (NIH) recommends that patient education
materials should be written at the 7th or 8th grade level.
Both in the United States and in Canada, about 25% of
the adult population is considered to be functionally il-
literate with reading abilities at or below 5th grade
level.”? Wikipedia’s medical pages have been found in
previous studies to have an average readability corre-

sponding to a level of 12th grade and
above.IAL12][13][14][15](16]

This study aims to compare the readability of Wikipe-
dia’s most popular health condition related articles over
the years. Since a study comparing the readability of
different online resources published in 2011 found that
Wikipedia’s medical pages were among the hardest to
read, efforts have been put into improving their acces-
sibility, while remaining relevant to all of its reader-
ship."7IWhile several studies have evaluated the read-
ability of various specialty topics at a specific point in
time, this is the first study to our knowledge to assess
the readability of the most viewed Wikipedia articles on
diseases over time.

Methods

Selection criteria

A list of the top 1000 medical pages ordered by the
number of views is available on Wikipedia and updated
every month."! The lead paragraph of each page was
formatted to remove any hyperlinks decimals, colons,
semicolons and periods used in abbreviations, as rec-
ommended by previous authors.”!

Readability assessment

The readability of each sample was assessed using mul-
tiple readability metrics to increase confidence in the
test results. A readability score was assigned to each
text sample using the following formulae: Gunning FOG
(Frequency of Gobbledygook) index, Flesch-Kincaid
Grade Level (F-K), Simple Measure of Gobbledygook
(SMOG) and Flesch Reading Ease (FRE).[18l191200[21]

words olysyllables
GunningFOG = ( ) + 100 (L>

sentences words
words syllables
F—K =039 (7) (—) — 1559
sentences words

polysyllables
SMOG = 1.043 (30 Xx ——— + 3.1291
sentences

words syllables
FRE = 206.835 — 1.015( )—84.6 (7)

sentences words
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Gunning FOG, F-K and SMOG scores correspond to an
academic grade level needed to understand the text
easily on the first reading. For example, a Gunning FOG
score of 8 indicates that a minimum of 8 years of educa-
tion is necessary to easily understand the correspond-
ing text. Scores above 12 correspond to a post-high
school level.

The FRE score reports a readability score from zero to
one hundred, with higher scores indicating a more read-
able text. The FRE scores are categorized using the fol-
lowing scale: 91-100 (“very easy”); 81-90 (“easy”); 71-80
(“fairly easy”); 61-70 (“standard”); 51-60 (“fairly diffi-
cult”); 31-50 (“difficult”); 0-30 (“very difficult”) (Table 1).
For example, a score of 70 would be appropriate for
most adults, whereas a score of 50 would be a text that
is difficult to read. A previously validated online tool
was used for the analysis of each text sample
(http://www.online-utility.org/).[”

Statistical analysis

The strength of association between the FOG and
SMOG scores (r =0.964), FOG and F-K scores (r = 0.965)
and SMOG and F-K (r = 0.958) scores was calculated for
each of the 100 samples analyzed using Spearman cor-
relations. The strong correlations obtained for each pair
of scores justified the use of an averaged single reading
grade (RG) to facilitate interpretation.

B F-K score+FOG score+SMOG score

RG
3

Friedman tests were used to compare RG and FRE
scores from year 2018 against the same scores in 2017,
2013 and 2008. Since higher FRE scores indicate a lower
readability level, the following transformation was used
to allow comparison with RG scores: 100 — FRE Score.
Wilcoxon rank sums tests (paired by titles) were then
used to do pairwise comparisons if the Friedman test
was statistically significant. Statistical analysis was per-
formed using the R software package, version 3.5.1.12
All testing was two-sided, and used a significance level
of p=0.05.

Results

The average RG of the twenty-five most accessed Wik-
ipedia articles on diseases in 2018 was 12.73 (95% Cl =
12.07-13.38), and the average reading ease (FRE score)
was 39.91 (95% Cl = 36.09-43.74), a score considered
“difficult”. Table 2 shows the average readability grade
and readability ease of each of the 25 pages included in
this study. The distribution of these scores is demon-
strated by figure 1.
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B Distribution of FRE scores in 2018 (n=25)
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Figure 1| A) Distribution of Reading grade scores B) and Flesh reading ease (right) in 2018 (n=25). A higher FRE score indicates a

text easier to read.
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Figure 2 | A) Reading grade and B) Flesh reading ease (right) by year. A higher FRE score indicates a text easier to read.
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Figure 3 | A) Reading grade and B) Flesh reading ease (right) in 2008 (darkest color), 2013, 2017 and 2018 (lightest color), re-

spectively. A higher FRE score indicates a text easier to read.
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Table 1| Characteristics of completed trials. Flesh Reading ease interpretation. Adapted from various sources.[20123]

FRE Score Grade level Description FRE Score
91-100 5th grade Very easy to read. Easily understood by an average 11-year-old student. 91-100
81-90 6th grade Easy to read 81-90
71-80 7th grade Fairly easy 71-80
61-70 8th and 9th grade Standard/plain language. Easily understood by 13- to 15-year-old students. 61-70
51-60 10th to 12th grade (high school) Fairly difficult to read 51-60

Out of the 25 articles analyzed, 5 (20%) were “fairly dif-
ficult’ to read, 16 (64%) “difficult” and 4 (16%) “very dif-
ficult” using the Flesch reading ease scoring system.
The easiest article to read was on hand, foot and mouth
disease (RG 9.84, FRE 53.47), whereas the hardest arti-
cle to read was about cholangiocarcinoma (RG 18.04,
FRE 11.36). The number of articles that were easier to
read (lower RG and higher FRE) in 2018 was significantly
higher when compared to 2013 and 2008 (p<0.0001),
but not significantly different when compared to 2017
(figures 2 and 3). When paired by titles and compared
over time, a statistically significant difference in reada-
bility (RG and FRE) was seen in 2018 when compared to
earlier years: 2017 (Friedman Chi-squared=13.70,
p=0.0002), 2013 (Friedman Chi-squared=46.08,
p<0.0001) and 2008 (Friedman Chi-squared=33.03,
p=0.0001).

Discussion

Summary of results

Wikipedia is one of the most heavily visited sites on the
Internet. A survey done in the United States showed
that Wikipedia was far more popular among the well-
educated and college-aged users than it was among
those with lower education levels.?*! Some of the sug-
gested reasons to explain its popularity include the free
and easy access online, exhaustive information on a
multitude of topics and a high position within the re-
sults provided by search engines.[%!

Prior studies have evaluated the readability of a variety
of different health-related articles on Wikipedia. In
2011, Mclnnes et al. found that the average readability
of Wikipedia’s pages pertaining to thirteen different
causes of burden and mortality was 15.21 (95% ClI

Table 2 | Reading grade and reading ease of the twenty-five most accessed Wikipedia medical pages in 2018.

Page Titles

Reading Grade

Reading Ease (Ease level)

Crohn’s disease
Hand, foot, and mouth disease

13.46 37.81 (difficult)
9.84 53.47 (fairly difficult)

Borderline personality disorder 12.28 39.86 (difficult)
Lyme disease 12.44 45.53 (difficult)
Bipolar disorder 13.98 35.07 (difficult)
Asperger syndrome 15.14 25.59 (very difficult)
Pentasomy X 11.59 41.64 (difficult)

Pneumonia 13.37 33.80 (difficult)
Schizophrenia 14.36 27.21 (very difficult)
Sepsis 12.61 40.56 (difficult)
Tuberculosis 11.11 51.72 (fairly difficult)
Fibromyalgia 13.76 28.65 (very difficult)
Guillain-Barré syndrome 12.53 42.44 (difficult)
HIV/AIDS 13.1 40.43 (difficult)
Multiple sclerosis 12.73 43.19 (difficult)
Pancreatic cancer 13.22 38.60 (difficult)
Parkinson’s disease 12.65 41.24 (difficult)
Rabies 10.86 52.07 (fairly difficult)
Cholangiocarcinoma 18.04 11.36 (very difficult)
Vitiligo 11.07 44.93 (difficult)
Diabetes mellitus 12.42 42.35 (difficult)
Shingles 11.16 52.70 (fairly difficult)
Syphilis 13.72 33.24 (difficult)
Dengue fever 12.03 42.73 (difficult)
Marfan syndrome 10.68 51.63 (fairly difficult)
Average (+ SD) 12.73+1.68 39.91+9.76
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14.44-15.99), readability level typical of university stu-
dents.” In 2015, John et al. found that Wikipedia pages
on pediatric ophthalmology were written at an average
grade level of 17.4.1%°! Interventional radiology materi-
als on Wikipedia were found to be written at a grade
level of 15.0 (95% Cl 13.9-16.1) in 2015. Modridi et al.
found that the mean Flesch Kincaid reading ease (FRE)
score of neurosurgical articles on Wikipedia was 31.10,
a score considered “difficult” and corresponding to a
university-level of education.™® Wikipedia pages on
Parkinson'’s disease were also found to have a low read-
ability level (FRE 30.21).1*%

Wikipedia’s Manual of Style for medicine-related arti-
cles was updated to strengthen the recommendations
around using easier to understand language in 2015.5
Its recommendations for authors include writing for the
“general reader”, in plain English and as simply as pos-
sible without introducing errors. For example, technical
terms are to first be explained in plain language fol-
lowed by the technical term in parenthesis. It is also rec-
ommended to use links within the text to refer readers
to a different page for additional information if needed.

This study reports an average readability of the twenty-
five most accessed disease-related articles on Wikipe-
dia 0f12.73 (95% Cl = 12.07-13.38) and an average read-
ing ease (FRE score) of 39.91 (95% Cl = 36.09-43.74) in
2018. In other words, on average 12 years of education
are necessary to easily understand the articles on the
first reading in 2018. The results of this study suggest
that the majority of the most accessed Wikipedia arti-
cles on diseases remain difficult to read for people with
low literacy. None of the articles were written at or be-
low the 7th or 8th grade reading level, corresponding to
an “easy” or “very easy” readability.

However, this study is also showing an overall improve-
ment in the readability of Wikipedia’s pages over time.
The number of pages that were easier to read (lower RG
and higher FRE) in 2018 was significantly higher when
compared to 2013 and 2008 (p<0.0001). For example,
22 of the 25 (88%) articles analyzed had a lower reading
grade and higher FRE score (i.e. easier to read) in 2018
when compared to the same article in 2008.

One hypothesis suggested for this improvement in the
readability of disease-related articles is Wikipedia's up-
dated Manual of Style. Since its publication in 2015, it
has reiterated Wikipedia’s target audience to be the
general public and has emphasized the use of plain Eng-
lish. Since Wikipedia’s articles can be modified at any
time and by anyone, it is difficult to ensure that all edi-
tors are aware of the updated guidelines. A suggestion
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to improve the overall readability of Wikipedia’s con-
tent could be to include an automated readability as-
sessment once an article is submitted for publication.

Strengths and limitations

This is the first study to our knowledge to assess the
readability of the most viewed disease related articles
on Wikipedia over time. Instead of focusing on articles
related to a specific medical field, this study assessed
the readability of the most viewed articles pertaining to
a variety of medical conditions. Although analyzing the
readability of a text has been a long tradition in litera-
ture, some authors have suggested that other factors
such as the page display, navigation menus and hyper-
links should be evaluated when assessing the readabil-
ity of online documents. Wikipedia articles reqularly
link key words orimportant concepts to a different Wik-
ipedia page providing more information to aid reader’s
understanding. Furthermore, this study was based on
the readability of the lead paragraphs which could be
underestimating general readability of the article, since
some studies have shown that the last paragraphs tend
to be the hardest to read.

Conclusion

Wikipedia remains one of the most accessed websites
on the Internet. Although the readability of Wikipedia's
disease-related articles remains overall fairly difficult,
this study shows that a significant improvement has
been made in the past few years.
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