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Abstract
Background: The Papanicolaou smear (Pap smear, Pap test) is one of the most routine screening tests performed in medicine. The development and
widespread use of this test has brought a considerable decrease in the incidence of cervical cancer. Unfortunately, this disease process continues to
convey significant morbidity and mortality. These persistent phenomena may be the result of inadequate compliance with routine Pap smear screening,
in which limited education is thought to play a role, particularly among ethnic minority groups. Methods: A Google search using the phrase “pap smear”
was performed and the first fourteen web addresses were analyzed using four standardized readability indices: the Flesh-Kinkaid Grade Level, the Simple
Measure of Gobbledygook, the Gunning Fog Index and the Automated Readability Index. The average grade level readability was then compared to the
American Medical Association recommendation that health care information should be written at a 5th or 6th grade reading level (i.e., ages 10-12 years).
Results: The average grade-level readability values of the fourteen analyzed sites using the four aforementioned indices were 8.9, 8.8, 11.9, and 8.4,
respectively. The mean readability of all four indices was 9.5. Conclusion: The grade-level readability of commonly accessed internet information regarding
Pap smears is above the recommendation of the American Medical Association. Health care providers and website authors should be cognizant of this, as
it may impact compliance. This is particularly important given that this routine healthcare test is recommended for nearly fifty percent of the world’s
population at various points throughout their lifetime.
Key Words: Papanicolaou test; health literacy; early detection of cancer; search engine; comprehension; reading (Source: MeSH-NLM).

Introduction
Introduced by George Papanicolaou in the first half of the 20th century,
the Papanicolaou smear (Pap smear, Pap test) is an important
screening method for cervical cancer.1 The goal of a Pap smear is to
identify cervical cells suspicious for pre-cancer or cancer.2 To do this, a
small number of cells are sampled from the patient’s cervix by a health
care provider. These cells are then prepared and evaluated
microscopically for irregularities.2 If abnormalities are identified, a
diagnostic colposcopy with cervical biopsy is performed to better
categorize the cervical changes, following which, an individualized
treatment plan is designed based on the patient’s findings.2,3 Treatment
may include destruction of the affected cells with extreme
temperatures, removal of cervical tissue, or chemotherapy coupled with
surgery or radiation.
The United States Preventive Services Task Force (USPSTF) recommends
that women ages 21 to 29 receive a Pap test once every three years.3
When a woman reaches the age of 30, recommended screening can be
performed in one of three ways: a Pap test every three years, high-risk
human papillomavirus (hrHPV) testing every five years or co-testing
with both a Pap test and hrHPV testing every five years. hrHPV testing
evaluates for oncogenic types of HPV.2 Positive hrHPV testing, as with
a positive Pap test, indicates an increased risk of developing cervical
cancer.
Since its inception, the Pap smear has experienced widespread utilization

and brought a substantial decline in the incidence of cervical cancer.2
Unfortunately, this screening method continues to be underutilized.
The American Cancer Society cites the 2018 median compliance rate
with cervical cancer screening recommendations at 85% and estimates
that in 2020 there will be 13,800 new cases of invasive cervical cancer
diagnosed and 4,290 subsequent deaths within the United States
(US).2,4
Various studies in the US have recognized limited education as a
potential barrier to cervical cancer screening.5-8 One study found that
the number of women who correctly understood the term Pap smear
was fewer than 10%.9 This is especially true among Hispanic women
who scored the lowest among all ethnic groups on a questionnaire
measuring knowledge of Pap testing; this demographic is also
significantly more likely to have never had a Pap test.5,10,11 Data from
the Centers for Disease Control and Prevention (CDC) indicates that
Hispanics have the highest ratio of HPV-associated cervical cancer
relative to other ethnicities, demonstrating a rate of 9 per 100,000
women.12 While cultural factors including the fear of finding cancer and
language barriers appear to play a role in this discrepancy, it is the lack
of knowledge regarding cervical cancer screening that will be further
explored here.5
In addressing the limited knowledge and relatively low screening rates
of Pap smears among certain demographics, easy access to
comprehendible patient-education material becomes vitally important.
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In the current era, the internet is a common source for this health
information. A study performed in 2013 found that the majority of US
adults reported searching online for health information in the past year
with over one third of respondents attempting to “self-diagnose” a
particular medical condition.13 Among Internet search engines, Google
is used most frequently, holding 86.86% of the global market share
amongst all search engines.14
Google search data has shown how women react to important public
health news, such as the Irish “CervicalCheck” scandal in 2018 when
over 200 women were given incorrect Pap smear results.15 After this
information broke to the public, Google searches for "cervical check"
and "cervical cancer" rose substantially, and the conduction of Pap
smear tests increased by 40% in the subsequent weeks. Given the
unpredictable nature of such public health crises, it is important that
online health materials are periodically evaluated.
The American Medical Association (AMA) recommends health
information be written at a US 5th or 6th grade reading level.16 Therefore,
the aim of this investigation was to evaluate the compliance of online
reading material related to Pap smears with this recommendation. As
few studies of this nature have been performed in the field of obstetrics
and gynecology (OB/GYN), the effect of this work is expected to be
particularly insightful to both providers and patients.17-19 Expecting
consistency with prior readability studies, the hypothesis of this work
is that the grade-level readability of online material on Pap smears is
written at a grade level greater than what is recommended by the
AMA.20-23

Methods
Readability Indices
The readability of online health information has been evaluated in the
past using standardized indices.19-23 These metrics have been discussed
in papers by the National Cancer Institute and the Centers for Medicare
and Medicaid Services.24,25 From these sources and further research on
readability measures, four indices that each provide a grade-level
readability were selected for this study.19-28 Considered together, these
provide a reliable average readability for written materials; each
measures readability in a unique way. The indices utilized are described
below:
1. Flesh-Kinkaid Grade Level (FKGL): This particular formula was
originally validated for use by the armed forces in the US. It
analyzes sentence length and word length to judge the gradelevel readability of a given text.23,26 This index has been used
extensively in the past for the analysis of healthcare related
literature.27
2. Simple Measure of Gobbledygook (SMOG): This is a validated
index that uses a complex formula to measure the number of
polysyllabic words inside a sample of 30 sentences.18,26 It is one
of the most well-suited tests for analyzing the readability of
healthcare information.27
3. Gunning Fog Index (FOG): This measure was partially validated
against an initial gold standard for analyzing readability: the
McCall-Crabbs Passages.26,27 It examines the total number of
words as well as those words that are considered “complex”
(three syllables or more). 23,26
4. Automated Readability Index (ARI): This index was validated for
use with Air Force technical material. It deviates slightly from the
previously mentioned indices in that it also uses the number of
characters per word in calculating a grade-level readability.21,28

Selection of Websites
The history and cache on the Google search engine within the Google
Chrome browser were completely cleared and the phrase “pap smear”
was searched on June 13, 2020 in the US state of Texas. Various
permutations of the search term “pap smear” could be employed by
patients depending on their background and life situation. In order to
account for this variance, the authors agreed that the best method in
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determining an overall grade-level readability of patient materials
related to Pap smears would be to query on the topic itself, rather than
related keywords and phrases. To validate this decision, a review of
data available from Google Trends—an application that charts relative
interest over time for selected search queries—was conducted.29 Four
potential searches (“pap smear”, “cervical cancer”, “pap test” and
“pelvic exam”) were compared within the three categories of “Texas”,
“United States” and “Worldwide” to gain a sense of the relative
popularity of the phrase “pap smear” within these regions.
With the chosen query of “pap smear,” the first 14 uniform resource
locator (URL) results, excluding educational videos and advertisements,
were selected as the aggregate to be evaluated. The authors
determined the quantity of inclusions from an analysis of a large
dataset measuring search engine user behavior by a metric entitled
click-through rate (CTR).30 The website “Advanced Web Ranking” was
used, which averages monthly Google CTR data from millions of
keywords. Within the site, the categories “international” and “all
devices” within the “year over year” grouping for the year 2019 were
analyzed.30
CTR is a measure of the likelihood that a click will occur when an
advertisement is placed at a given location in the query and has also
been applied to URL results in Google searches.30,31 To explain this
further, the CTR value for the first position in a Google search query
from 2019 was 34.07.30 That is, the likelihood that a person clicks on
the first link in a given Google search is just over one third. Looking at
the first 14 URL results gives an aggregate CTR value of 98.90, making
this an in-depth measure of the total material that a patient inquiring
online for health information may view.

Evaluating Readability
The grade-level readability from the four aforementioned readability
indices (FKGL, SMOG, FOG, ARI) was calculated using an online software
from WebFX.32 This is a verified online tool recommended for educators
to guide their students.33 The educational text from each website was
first copied and pasted into a Microsoft Word document. All
advertisements were deleted, tables were excluded, titles that were not
entire sentences were omitted, and lists or bullet points were converted
into written sentence form. In instances where complete sentences
could not be established, these words were excluded from the data
entry. The objective was to ensure that the text inputted into the
program was as close to the actual value as possible. In one instance
(the 13th result in our query; a page entitled "Pap test" from Wikipedia),
the set of text was too large to be evaluated using the WebFX tool. To
accommodate this, the text was divided into 10 sections of about 300
words each. The sections were then individually entered, after which
an average of all 10 readability values in each of the 4 specific indices
was obtained.
Once the 4 indices had been obtained for each of the 14 included URLs
(Table 1), the values were averaged together in Microsoft Excel to give
an aggregate grade-level readability of the online material from the
selected query of “pap smear”. The cutoff for grade-level readability
was set at 6.3, in conjunction with the AMA’s recommendation that
healthcare information be written at a 5th or 6th grade reading level.16
6.3 was chosen in place of 6.0 because healthcare vernacular is
inherently difficult to understand and a prior study found that the
grade-level readability obtained by the FKGL would decrease by 0.3 if
medical vocabulary were removed.23,34

Results
Google Trends data from the week of June 7-June 13, 2020 using the
search term “pap smear” gave a popularity value in Texas, the United
States and worldwide of 63, 58, and 57 respectively, where a value of
100 represents peak popularity (Table 2). The phrase “cervical cancer”
had values of 40, 43, and 63. The expression “pap test” showed values
of 10, 7, and 23 and “pelvic exam” received values of 5, 7, and 6.
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Table 1. Comparison of Website URL Position in a Query Following a Google
Search for “pap smear” and Average Grade-Level Readability as Determined
Using Four Standardized Readability Indices.

Position
in Query
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Average
Grade-Level
Readability

Website URL
https://www.mayoclinic.org/testsprocedures/pap-smear/about/pac20394841
https://www.healthline.com/health/papsmear
https://medlineplus.gov/ency/article/0039
11.htm
https://www.womenshealth.gov/a-ztopics/pap-hpv-tests
https://www.cancer.gov/publications/dicti
onaries/cancer-terms/def/pap-smear
https://www.webmd.com/women/guide/p
ap-smear#1
https://www.medicinenet.com/pap_smear
/article.htm#pap_smear_facts
https://kidshealth.org/en/teens/papsmears.html
https://www.cancer.net/navigating-cancercare/diagnosing-cancer/tests-andprocedures/pap-test
https://labtestsonline.org/tests/pap-smear
https://hhma.org/blog/pap-smearguidelines/
https://my.clevelandclinic.org/health/diag
nostics/4267-pap-test
https://en.wikipedia.org/wiki/Pap_test
https://www.medicalnewstoday.com/articl
es/311995

10.3
8.9
8.3
7.6
9.6
6.4
12.7
7.4
8.7
11.5
7.7
11.5
12.6
9.8

Table 2. “Interest Over Time” Values by Region for Four Different Search
Terms Related to Cervical Cancer Screening using Google Trends Data
Specific to the Week of June 7 – June 13, 2020, Peak Popularity for a Given
Search is 100.

Search Term

Texas

United States

Worldwide

63

58

57

“cervical cancer”

40

43

63

“pap test”

10

7

23

“pelvic exam”

5

7

6

“pap smear”

The CTR data from 2019 showed that the click probability was much
greater within the first seven results as compared to the second seven
results (Figure 1). The subtotal CTR value for the first 7 URLs was 86.29
and the next 7 URLs accounted for 12.61, giving a total value of 98.90.
Thus, the first 14 positions provide an aggregate of the vast majority of
clicks that occur after a user inputs a query into a search engine.
The 14 sites were analyzed for readability using the FKGL, SMOG, FOG,
and ARI with the average values being 8.9, 8.8, 11.9 and 8.4,
respectively. Each individual URL together with its average grade-level
readability is highlighted in (Table 1). These values ranged from 6.4 to
12.7. The URL that had the lowest average grade-level readability was
from WebMD and the site with the highest average grade-level
readability came from MedicineNet. Other websites analyzed that may
be easily recognizable to the average health care consumer were: Mayo
Clinic, Wikipedia, Cleveland Clinic and womenshealth.gov.
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The total average grade-level readability taking into account all 4
indices was 9.5 (Figure 2). Considering the first seven URLs and the next
seven URLs separately, the values were found to be 9.1 and 9.9,
respectively. The trendline of average grade-level readability was
slightly upward, indicating that the mean increases as one moves to
the URLs appearing later in the queue.

Discussion
The grade-level readability of information from the popular search term
“pap smear” obtained via a Google search is above what is
recommended by the AMA. None of the URLs evaluated were below the
chosen cutoff of 6.3 for grade-level readability. This is consistent with
findings in other disciplines where the readability of healthcare
information has been explored.20-23 There appears to be a paucity of
research on similar topics in OB/GYN, however.17-19
When evaluating the first seven URLs, the average grade-level
readability is more than two grade levels above what is recommended.
This could imply that a number of patients are not finding readable
information online about a topic that is of significant importance to
women worldwide. If a woman receives Pap smears as part of routine
screening throughout her life with no abnormalities, the minimum
number of tests she will undergo is 11, making screening for cervical
cancer one of the most frequent of all routine female cancer
screenings.34,35 Thus, the potential relevance of this should not be
ignored. Importantly, these findings may be particularly relevant for
individuals with decreased health literacy or for those who speak
English as a second language, given that Google Translate makes more
errors in translating to another language when the original sentence is
written at a higher grade level.36,37
It appears that the grade-level readability increases as one moves to
the second page of results in the “pap smear” query performed. In this
case, the limited data may suggest that the top-viewed websites
possess more readable material for consumers. It is interesting to note,
however, that the top “hit” in the query was from an article published
by the Mayo Clinic with an overall grade-level readability of 10.3. This
shows that while the readability of a particular domain certainly plays
a role in determining which websites populate first in a given search
engine, there are a host of other contributing factors. The particular set
of strategies aimed at populating a link early in the search results is
termed search engine optimization (SEO).38
Other factors that play a part in SEO include: the website’s recognized
expertise on a particular topic, relevancy of the site to the question
asked, the overall quality of the website’s content, the navigability of
the site, and the location in which the search was conducted.38,39 Our
analysis was not focused on the relationship between readability SEO,
but rather analyzing the readability of websites that already had strong
SEO ratings. Reassuringly, 3 of the first 8 URLs encountered are near
the AMA’s recommended grade-level readability level. This indicates
that some of the information obtained via a Google search on Pap
smears is being written at an appropriately readable level for patients.
Other websites may benefit from looking to such sites or involving
patients and public partners as they prepare educational material for
patients.

Limitations
One significant limitation of this study is that only a single query was
used in searching. A single query was chosen instead of multiple
queries as “pap smear” was considered to be a broad enough search
to give a representative sample of the Internet information that exists
on the topic. Based on Google Trends data from the week in which the
search was performed, this appears justified. The popularity of “pap
smear” superseded the other three search terms demonstrably in both
regional and US locales. Within the “worldwide” category, the phrase
“cervical cancer” was slightly more popular, though the difference was
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Figure 1. Probability of Clicks Occurring in the First Seven URLs vs. The Following Seven URLs of a 2019 Google Search, A Total of Fourteen URLs Are Shown
with a Cumulative CTR Value of 98.90, Error Bars Represent Standard Deviation Based on Monthly Data from 2019.
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The usage of a single query factored into the decision to evaluate 14
URLs instead of 7. It was believed that this could facilitate the discovery
of some of the articles that would have been moved further up the list
of results in similar search queries. No more than 14 websites were
deemed necessary based on current behavior of online users as shown
in the 2019 CTR data.
Another limitation of this study is that the FOG index gave higher
average values than the other indices. This is, however, consistent with
other published studies.18,20-23 This could be because the FOG is a unique
metric for evaluating readability, which looks at the total number of
words per sentence and how complex the words are. Medical
terminology frequently employs the use of large, complex words as
standard vernacular, which may help explain the higher value
calculated by this index. Even if the FOG index was taken out of the
analysis, the average grade-level readability would be 8.6, more than 2
grade levels above the AMA recommendation.
A final limitation is that this study did not consider additional reasons
that vulnerable populations, such as Hispanic women, may have lower
rates of cervical cancer screenings. This study was focused primarily on
only one aspect of this complex issue: the grade-level readability of
online materials on Pap smears. Other factors such as “fear of finding
cancer”, male physicians, and language barriers have been noted as
significant obstacles and could be further explored.5
Further Investigation
The current era is one in which YouTube is the second most popular
social media platform, garnering 1.9 billion users in 2020.40 In addition,
the current COVID-19 pandemic has shifted much of school education
to an online format and brought a huge uptick in the number of
telehealth visits conducted.41,42 With this, it could be argued that the
importance of audiovisual learning has never been greater. In our
study, six of the first seven sites and ten out of the fourteen total sites
had a video or image that was accessible to the viewer. Using
readability indices alone, there is no way to account for the added
educational value that these resources may confer. Thus, further
studies could be performed to assess the significance of audiovisual
learning in patient education. While it has been found that in certain
scenarios audiovisual materials may be helpful for patients, this has
not been widely examined.43,44 Factors within this domain that deserve
further investigation include: the formulation of specific indices to
measure the impact of audiovisual learning, the percentage of various
Int J Med Students • 2020 | Sep-Dec | Vol 8 | Issue 3
DOI 10.5195/ijms.2020.653 | ijms.info

Figure 2. Grade-Level Readability Values for First 14 URLs in a Google Search
for “pap smear” Compared to Superimposed Static Lines Representing the
Composite Average Grade-Level Readability of All URLs and the
Recommended Grade-Level Readability by the AMA.

Average Grade-Level Readability of Included Indices

marginal at 63 for “cervical cancer” and 57 for “pap smear”.
Considering that Google uses location as one of the determining factors
in which sites populate first following a search, the column for “Texas”
(the location in which the search was performed) may be the most
important.39 This column showed “pap smear” to be favored by more
than 20 points.

Second Seven URLs

14
12
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8
6
4
2
0
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2

3

4

5

6 7 8 9
URL Position

10 11 12 13 14

Unique Positional Average Grade-Level Readability Values
AMA Recommended Grade-Level Readability
Composite Grade-Level Readability Value of Included URLs

cohorts that are audiovisual learners, and the potential impact of such
findings on screening exam discrepancies amongst groups (such as
ethnic minorities).
Another area deserving further investigation exists. There appears to
be a tendency for patients to misjudge an abnormal Pap smear (one
showing precursor lesions with malignant potential) as being consistent
with a diagnosis of cervical cancer. One study found that nearly 1/3 of
individuals who were asked the true-false question, “If you have an
abnormal result on the Pap test: It means you have cancer” answered
either incorrectly or “don’t know”.11 This is worth exploring given the
potential for physician confusion and patient mistreatment as a result
of this inadequate understanding. This would seem especially pertinent
in patients where some form of treatment for a precancerous lesion
(such as loop electrosurgical excision procedure (LEEP) or cryotherapy)
is required.
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Finally, readability is only one aspect of patient education. An equally
meaningful study could examine the accuracy of the content contained
on the most frequently viewed websites for the search term “pap
smear.” This could be accomplished by having a panel of experts
blindly review each webpage and score them for correctness, thus
providing a supplement to the important findings of the current study.

Conclusion
Medical information may be inherently difficult to understand. While
the overall grade-level readability of articles discussing Pap smears via
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