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Abstract
Purpose—Low patient health literacy has been associated with cost increases in medicine
because it contributes to inadequate care. Providing explanatory text is a convenient approach to
distribute medical information and increase health literacy. Unfortunately, writing text that is
easily understood is challenging. This work tests two text features for their impact on
understanding: lexical simplification and coherence enhancement.

Methods—A user study was conducted to test the features’ effect on perceived and actual text
difficulty. Individual sentences were used to test perceived difficulty. Using a 5-point Likert scale,
participants compared eight pairs of original and simplified sentences. Abstracts were used to test
actual difficulty. For each abstract, four versions were created: original, lexically simplified,
coherence enhanced, and lexically simplified and coherence enhanced. Using a mixed design, one
group of participants worked with the original and lexically simplified documents (no coherence
enhancement) while a second group worked with the coherence enhanced versions. Actual
difficulty was measured using a Cloze measure and multiple-choice questions.

Results—Using Amazon’s Mechanical Turk, 200 people participated of which 187 qualified
based on our data qualification tests. A paired-samples t-test for the sentence ratings showed a
significant reduction in difficulty after lexical simplification (p < .001). Results for actual
difficulty are based on the abstracts and associated tasks. A two-way ANOVA for the Cloze test
showed no effect of coherence enhancement but a main effect for lexical simplification, with the
simplification leading to worse scores (p = .004). A follow-up ANOVA showed this effect exists
only for function words when coherence was not enhanced (p = .008). In contrast, a two-way
ANOVA for answering multiple-choice questions showed a significant beneficial effect of
coherence enhancement (p = .003) but no effect of lexical simplification.
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Conclusions—Lexical simplification reduced the perceived difficulty of texts. Coherence
enhancement reduced the actual difficulty of text when measured using multiple-choice questions.
However, the Cloze measure results showed that lexical simplification can negatively impact the
flow of the text.
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Comprehension; Readability; Health Literacy; Consumer Health Information; Patient Education;
Information Systems; Medical Informatics Computing

Introduction
With increasing availability of medical web sites on the Internet, millions of patients and
caregivers now look online for information. This trend is growing with prolonged lifespans,
a rise in the number of diseases and problems that require long-term care, and increasingly
sophisticated procedures and therapies. Unfortunately, the medical information presented to
readers is not always clear. Weis [1] summarizes several studies demonstrating the increased
burden and cost associated with limited comprehension. In general, there are millions of
people in the US without sufficient health literacy to understand their treatments or
preventive care [2]. Many examples of how low health literacy has had an impact on
specific groups have also been noted including changes in participation in cervical cancer
screening [3] and glycemic control in type 2 diabetes patients [4]. Moreover, readability
levels are sometimes too high for healthcare providers, e.g., Singh [5] reports that behavioral
treatment plans in psychiatric hospitals were not optimally carried out because they were not
sufficiently understood by the staff.

Earlier work focused on evaluating the quality of the websites and the information they
contained. Bernstam et al. reviewed twenty-two different such website criteria [6] and 273
different evaluation instruments [7]. They found that the inter-rater agreement between
experts was low for several of the criteria but the agreement could be improved with very
precise definitions. Of the instruments evaluated, they concluded that few were practical or
useful for judging quality. Others have focused on automating the analysis of the sites, for
example, Wang and Liu [8] developed instruments to automatically evaluate web pages
using eighteen criteria.

Being able to rely on understandable information is a crucial aspect to increase health
literacy. While there are many possible approaches to improving the provided information,
for example, Choi and Bakken [9] add visuals, such as drawings, few have been
demonstrated to have a clear beneficial impact. Among all available tools, ranging from
interactive and personalized education to the use of demonstrative video, we believe that
text can be an effective and cost efficient method to bring information to patients.
Informative, preventive, persuasive or explanatory text is accepted in society and easily
accessible for readers in either paper or electronic format.

Perceived and Actual Text Difficulty
Learning from text can be difficult. For a text to be effective at conveying information,
people need to be both willing to read it (perceived difficulty) and capable of understanding
its contents (actual difficulty). We argue that these two requirements impact the usefulness
of a document and are important in studying health literacy and must both be accounted for
when simplifying text. The actual difficulty of a text will influence how well readers
understand the information. However, perceived difficulty cannot be ignored since it may
prevent a person from even reading a document.
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We base this distinction on previous work in the context of the Health Belief Model (HBM)
and the Theory of Planned Behavior (TPB). In a review of twenty-four studies, Janz and
Becker [10] looked at the four dimensions of the HBM model: perceived susceptibility,
perceived severity, perceived benefits, and perceived barriers. They found the last
dimension, perceived barriers, to be the most significant in explaining health behavior.
Others have also used the HBM model as a guideline. For example, Davis et al. [11] used it
as a model to design their study evaluating factors influencing colorectal cancer screening.
The TPB, an extension of the Theory of Reasoned Action, also provides supporting evidence
for the distinction between perceived and actual difficulty. In particular, the model includes
a factor that encompasses beliefs: perceived behavioral control. This factorhas been shown
to contain two distinct components, perceived difficulty and perceived control, which can
bemanipulated independently, with perceived difficulty being the stronger predictor of
intentions and behavior [33].

In current work, perceived and actual difficulty are seldom distinguished. The lack of strong
evidence supporting an increase in understanding using simplification methods that rely on
readability formulas may indicate that such methods affect perceived difficulty more than
actual difficulty. These methods may generate text that looks easier but may not necessarily
be easier to understand. In previous work, we also found indirect evidence for this
distinction, since it is often much easier to improve the perceived difficulty of a document
than the actual difficulty [12]. Simplifying text so that readers increase their understanding
and recall of the information is more challenging.

Factors Influencing Learning and Understanding
How much is understood and learned from a text depends on many different factors. This
learning process is commonly seen as an interaction between two types of factors: text
characteristics and reader characteristics [13]. However, a third factor that can influence
results is how understanding and learning are measured. Each of these three factors is
composed of distinct, but not necessarily independent characteristics, see Figure 1. For
example, the length, topic and writing style are text characteristics that affect text difficulty;
age, education and language skills are example reader characteristics that affect
comprehension; and open-ended questions or teach-back methods are different measures
which have been shown to differentiate between aspects of understanding and learning.

Text Characteristics
Over the last few decades, many studies have focused on simplifying text by changing
words (lexical) and shortening sentences (grammatical) following the assumption that this
leads to increased understanding. The most popular approach has been the application of
readability formulas and it is frequently suggested that following these formulas will lead to
easier to understand text [14]. There exist several formulas, such as the Flesch-Kincaid
readability grade level or the SMOG measure [15], but most operate on the same simple
principles and use syllable and word counts in a sentence to assign a difficulty rating. The
formulas have been used to test a variety of texts including patient education materials [16],
injury prevention or hospice bereavement materials [17], HPV educational materials [18],
informed consent forms [19] and even survey instruments [20]. Most writing guidelines, for
example by the American Medical Association, advise writing at a 6th to 8th grade level. By
applying these formulas, it has been concluded that most English-language Internet sites are
too difficult because they require on average a 10th grade level and sometimes even college
level education [7–9] regardless of which of the five different readability formulas are used
[14, 15].
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Unfortunately, few studies demonstrate an increase in understanding after making text
modifications guided by such formulas. Friedman et al. [21], for example, did not find a
correlation between Flesch-Kincaid readability scores and a Cloze measure of
understanding. In addition, Wubben et al. [22] identify a number of issues for using the
Flesh-Kincaid for directing and evaluation simplification algorithms. At a minimum, a re-
validation of the formulas with modern text covering healthcare-relevant topics is needed.
For example, many formulas equate long words with difficult words. However, in medicine,
this relationship may not hold true, e.g., “apnea” would be considered more difficult than
“diabetes” or “obesity” by most readers.

Over the years and across different disciplines, evidence has emerged that specific text
characteristics affect text difficulty. This work focuses on two such characteristics: term
difficulty and text coherence. Term difficulty can be addressed by lexical simplification [23,
24] which focuses on substituting difficult terms with simpler ones or by elaborating on a
difficult term. Kandula et al. [25] found an increase in Cloze scores after manual lexical
simplification of text from journals and electronic health records. O’Donnell [26] shows the
beneficial effects of lexical simplification using elaborations for difficult Spanish terms for
English speakers. Students who read elaborated documents could recall more information
and the effect was stronger for more difficult text.

The second text characteristic we focus on is text coherence. McNamara et al. [27] define
coherence as comprising structural and explanatory coherence. Coherence is improved by
ensuring that no gaps exist in the flow of a document by use of anaphoric referents,
connective ties, synonyms, etc. As part of the Readability Assessment Instrument (RAIN),
both local and global coherence are defined by 12 characteristics, such as the inclusion of
cause/effect relations, temporal relations, etc. Variants of these definitions exist [13], but all
emphasize the need for good flow in a document combined with a structured, logical
argument. Tools that improve the coherence of a text are not as popular as those based on
readability formulas and very few exist. In early work, Adkins et al. [16, 28] and Kirkpatrick
and Moheler [29] estimated the readability of fact sheets using a manual approach based on
the RAIN characteristics. Norvig [30] developed an algorithm to estimate coherence using
mappings to knowledge bases instead of literal text overlap.

The evidence for the importance of coherence is subtle and its effects often depend on other
characteristics. Looking at overall coherence, Boscolo and Mason [13] found it did not
affect their recall tasks but affected question answering for those readers who had high
knowledge of but low interest ina topic, and vice versa. In contrast, Goldman and Murray
[31] evaluated logical connectors as words that increase text coherence. Using an adjusted
Cloze procedure they found that some connectors, additive and causal connectors were
easier for readers to fill in than others such as adversative or sequential connectors.

Reader Characteristics
Many characteristics associated with the readers have been found to be associated with
increased understanding. Van Servellen et al. [32] found that the level of education
influences the ability to distinguish myths from facts about HIV and to understand HIV-
related terms. Specific knowledge of a topic affects reading and learning, but the outcome is
also influenced by how the information is presented. For example, Potelle and Rouet [33]
found that readers with low prior knowledge of a topic scored higher on a survey and
recalled more information after reading a hierarchical map as compared to a list or concept
map. However, they found no differences for readers with high prior knowledge. Motivation
and interest have also been shown to be important [13], with higher interest in a topic
leading to better performance based on a number of measures of learning.
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A reader’s health literacy plays an important role and is typically measured with an
instrument such as the Rapid Estimate of Adult Literacy in Medicine (REALM) [34], a word
recognition test, or the Test of Functional Health Literacy in Adults (TOFHLA) and its
shortened version (S-TOFHLA)1. Studies evaluating the effects of health literacy on
understanding show that low health literacy often leads to a poor understanding of
information. McWhirter [35] found that S-TOFHLA scores correlated with Cloze scores but
not with a teach-back method for their texts on colon cancer. Gazmararian et al. [36] found
that lower health literacy may play a role in prescription drug refill adherence.

Stress is another reader characteristics ordinarily measured with a survey, for example, with
the Perceived Stress Scale-10 (PSS-10) [37]. Increased stress has been shown to be related
to lower comprehension of medical terminology, such as HIV terms [32]. In earlier work
[38], we also found an effect of both health literacy and stress; vulnerable subjects, those
with high stress or with low health literacy, relied much more heavily on a visual table of
contents that accompanied a text to answer questions.

Several other reader characteristics have been shown to play a role in understanding and
learning. Goldman and Murray [31] found that English-as-a-Second Language (ESL) study
participants performed worse on a Cloze test than native speakers, but the pattern of errors
was the same for both groups. Other reader characteristics and their effects are less well
understood. Van Servellen et al. [32] found a relationship between understanding HIV terms
and the participants’ education, income and the quality of communication received by
healthcare providers. In addition, age and level of education were found to relate to
understanding prescriptions.

Measurement Characteristics
The method of measuring understanding and learning, which is seldom discussed explicitly
as a factor, will also affect the results. To measure perceived difficulty, it suffices to judge
the difficulty of a document using a simple scale. However, to measure actual text difficulty
and its relation to understanding and learning, a variety of tests have been used.

A common approach to evaluate understanding and learning is to pose questions during or
after reading a text. This method has been adopted for centuries by educational institutes to
conduct examinations. The questions can be factual questions or can require more detailed
understanding including the ability to reason about the topic, or the ability integrate the
information with one’s personal knowledge and apply it. The type of question is important
and can impact results. McNamara [27] found that high knowledge readers performed better
on problem solving questions but not as well on inference questions with less coherent text.
Skilled and unskilled readers also benefited differently depending on the coherence of the
text. Skilled readers showed higher recall with poorly constructed text and suggest that it is
due to the need for more active processing.

The Cloze measure is a fill-in-the-blanks approach introduced and validated by Taylor [39].
It was intended as a measure to distinguish between texts with different readability levels.
With this method, every nth word of a text is deleted and readers are asked to fill in the
blanks. Taylor found that the measure differentiates text difficulty better than readability
formulas. Although not originally intended as such, the Cloze measure has also been used
for measuring understanding, though the results have been mixed. Kandula et al. [25] are
one of the few groups to report an increase in understanding using the Cloze measure after

1Offered for sale at http://www.peppercornbooks.com

Leroy et al. Page 5

Int J Med Inform. Author manuscript; available in PMC 2014 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.peppercornbooks.com


text simplification based on lexical term simplification and splitting of longer sentences into
shorter ones.

We discuss the three categories of factors above as if they influence understanding
independently of each other. This is an oversimplification and we expect to encounter many
interactions between the three. Ideally, however, we can pinpoint some characteristics that
are universal indicators of simplicity and lead to approaches that increase understanding
after reading a simplified text.

Semi-automated Text Simplification
As pointed out by Seligman et al. [40], creating suitable and effective text manually requires
both time and expertise. Unfortunately, few clinicians can spend the amount of time required
to create text that is suitable for each different type of patient and hiring professional writers
to simplify all texts is prohibitively expensive. Instead, our goal is to design and develop a
writer support tool that can help writers simplify text.

We impose two constraints on our research and the algorithm development. The first is that
any feature and its associated text changes used by our final algorithm must be backed by
evidence showing a positive effect on reducing text difficulty. Such evidence is collected
based on user studies that show improved understanding or retention. In practice, this means
that we measure the understanding of text using a number of different metrics. In conducting
these studies, we explicitly work with representative consumers and do not approximate
difficulty levels via expert judgments or existing readability formulas.

The second constraint is that the final algorithm must be programmed and integrated into a
writing support tool, e.g., as a plugin for Microsoft Word or as a standalone editor. This
integration should allow for efficient and effective support for the writer without requiring
specialized linguistics knowledge or writing skills. In practice, this means that the algorithm
should be able to pinpoint overly difficult sections in a text without human intervention and
suggest candidate alterations to the writer. The writer can then change the original text based
on the suggestions.

In this study, we evaluated lexical simplification and coherence enhancement. Each
approach is applied in a systematical manner to our text so that, if successful, algorithms can
be programmed to automate the process.

Lexical Simplification
Manual lexical simplification has been shown to be helpful in increasing Cloze scores [25]
and automatic lexical simplification techniques have been shown to improve readability
formulas [22]. Our goal is to automate the lexical simplification process as much as
possible. For our approach lexical simplification is accomplished in three phases: 1) identify
difficult words, 2) generate candidate substitutions, and 3) choose the best substitution. The
first two stages are completely automated and only the third phase of the algorithm requires
any manual intervention.

The first phase consists of identifying difficult words. Text is split into individual sentences
which are then parsed to get the parts-of-speech (POS) for each word. We use the Stanford
Parser2 [41] for this task. Then, the frequency of each word is retrieved from the Google
Web Corpus3, which contains n-gram counts from a corpus of a trillion words from public

2http://nlp.stanford.edu/software/lex-parser.shtml
3Available from the Linguistic Data Consortium, www.ldc.upenn.edu
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web pages. We use this web frequency as an estimate of how familiar words are to readers.
The rationale is that words that occur more on the web are more commonly written and read
and can therefore be expected to be better known. Evidence for this approach comes from
our corpus analysis studies where we found that there was a significantly higher average
frequency of words in easy documents than in difficult documents [42, 43]. Words with
lower frequency, i.e. less familiar, are flagged as difficult and become candidates to be
changed.

Given the set of candidate difficult words in a text, the second phase of the algorithm
identifies candidate improvements. Specifically, we identify synonyms, hypernyms and
word definitions for the difficult words from four different resources: WordNet, Simple and
Normal Wiktionary and the Unified Medical Language Systems (UMLS). Only synonyms
and hypernyms that have the same POS as the original word are retrieved. If any new word
has a Google n-gram frequency that is higher than the original word, i.e., it is more familiar,
it is retained. Definitions and partial definitions can be used if all words with frequencies
lower than the difficult word are replaced by easier words. These options are then ordered
based on frequency with higher frequency words being preferred over lower.

Finally, in the last phase of the algorithm, the writer chooses the best replacement for each
difficult word from the set of options generated in the second phase. When synonyms are the
best alternative, a writer can simply replace the original word with the synonym. Hypernyms
can be inserted in the sentence either between two commas or in parentheses. Longer
phrases such as definitions can be added as stand-alone sentences before or after the
sentence containing the difficult word. For example, a sentence such as:

“Patients receiving HIV-related home care services provide an opportunity for
assessment of oral health and smoking cessation needs; however, the majority of
home care providers lack formal training to provide these services”

is rephrased to be:

“Patients getting services for HIV-related home care provide an opportunity for
assessment of oral health and the need for quitting smoking; however, most home
care providers do not have formal training to provide these services.

Coherence Enhancement
Text coherence is an important complementary component since lexical simplification can
reduce the flow of a document. This can occur when new information is added and may
result in the text becoming choppy’ to read, a characteristic resulting in more difficult rather
than simpler text [44]. Coherence is therefore a logical feature to evaluate in combination
with lexical simplification. We use the term coherence to represent both local (from one
sentence to the next) and global (covering the entire text) coherence. Text coherence is
improved by the application of a set of rules as outlined below. Currently the detection of
potential incoherent sections and the application of these rules is done by the writer,
however, in the future we plan to automate one or both steps.

First, local coherence is improved by adding pronouns to connect sentences more explicitly.
For example:

“The most common causes of morbidity and mortality in the western world can be
accounted for by unhealthy patterns of behavior … . Interventions to improve
health behavior are sorely needed.”

can be changed to:
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“The most common causes of morbidity and mortality in the western world can be
accounted for by unhealthy patterns of …. Interventions to improve such health
behavior are sorely needed.”

When there is repetition of a noun or noun phrase, often the result of lexical elaboration, it is
replaced by an appropriate pronoun. This adjustment is based on work by Ledoux et al. [45],
who show how the repetition of a prominent antecedent in a coreferential relation hinders
reading and forms a disjoint reference. For example, the repetition of aspirin in the
following sentence demonstrates this problem:

“Taking aspirin will reduce the symptoms. The aspirin will help reduce the
headache.”

which after improving coherence becomes:

“Taking aspirin will reduce the symptoms. It will help reduce the headache.”

Second, global coherence is improved by adjusting the spacing of the text based on Gestalt
principles [46]. Applied to text, these Gestalt laws dictate one idea per chunk of text.
Spacing is then used to demarcate different chunks of text and to show how ideas relate to
each other. When the ideas are disjoint, this involves creating new paragraphs. When the
ideas are related, enumerations are created with each idea indented and on its own line. This
type of organization, referred to as perceptual organization, has been shown to strongly
correlate with scores on the SATA reading comprehension test [47]. For example, following
these principles, the text:

“…. behavior is required. In this commentary, we explore three relatively new
possible roads ….: (1) genetics may influence …., (2) genetics may tone down ….,
and (3) genetics may be …..”

becomes the following after improving coherence:

“…. behavior is required.

In this commentary, we explore three relatively new possible roads ….:

1. genetics may influence ….,

2. genetics may tone down …., and

3. genetics may be …..”

User Study Design
We evaluated the impact of lexical simplification and coherence enhancement on text
difficulty. To measure perceived difficulty, we selected individual sentences so that we
could include several examples and several types of sentences. To measure actual difficulty,
we selected stand-alone abstracts about which we could ask questions. To verify our setup
and avoid software difficulty during the study, we first conducted a small pilot study with 17
participants using only lexical simplification [12]. The study presented here does not include
this pilot study data, is based on different subjects and adds coherence enhancement as a
variable.

Participants
We invited 200 participants to complete the study. They were recruited using Amazon’s
Mechanical Turk (MTurk) and were paid $1 for their participation. MTurk is an online
service that facilitates human workers performing online tasks ranging from annotations to
translation to user studies. It attracts a large number of participants from demographically
diverse backgrounds [48] and data collected through MTurk has been shown to be as
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reliable as traditional methods for both user studies [48, 49] and for a range of natural
language tasks [50].

Although results from studies with MTurk have been reported as reliable, we included a
number of validation tests to ensure the quality of our results and to avoid participants using
programs to answer automatically or participants who do not take the study seriously. Data
from participants who do not pass all validation tests are excluded. To test for quality, two
multiple-choice validation questions were added in with the other multiple choice questions,
one with each document. Each of these questions was extremely easy and could be answered
correctly if the question was read. As an additional quality control, we measured the time
taken to complete each section. If a section was completed in less than a minute, the data
was discarded. Finally, to avoid multiple submissions from the same participant, IP
addresses were temporarily recorded and results from submissions with the same IP address
were discarded. Although there are situations where IP addresses can be shared, e.g., in
public settings such as libraries, this is rare.

Stimuli
In April of 2012, we conducted an online search using PubMed for “smoking cessation”. We
selected eight sentences from the results of this search. To obtain a representative sample,
sentences were selected with varied length and varied Flesch-Kincaid scores. Flesch-Kincaid
was measured for comparability with other research. We used Microsoft Word’s grammar
feature to calculate the readability score, comparable to other researchers [7, 51–53]. Each
sentence was simplified using our lexical simplification approach. Given the short length of
individual sentences, we did not evaluate the effects of coherence enhancement for the
sentences.

In addition to the sentences, we selected the first two abstracts of our PubMed search that
were not descriptions of experiments. With this approach, we mimic online consumers who
are looking for in-depth information but do not wish to read the results of individual
experiments. One document discussed the influence of genetics on health behaviors (PMID
= 22488456), which we refer to as the “genetics document”. The other document discussed
the need for action in underdeveloped countries to improve smoking cessation (PMID =
22487605), which we refer to as the “countries document”. For each document, we created
four versions to evaluate our independent variables:

1. no lexical simplification or coherence enhancement (original text)

2. lexical simplified but no coherence enhancement

3. coherence enhancement but no lexical simplification

4. lexical simplified and coherence enhancement

Table I provides an overview of the sentence and document characteristics. In the sentences,
54 words were considered too difficult because they had a Google frequency below the
threshold. During simplification, 35 were replaced with an easier alternative by the writer
(65%). Similarly, in the countries document 26 of 47 difficult words were replaced (55%)
and in the genetics document 28 of 42 words (67%). The sentence and documents used in
the study are available in the appendix [INSERT LINK TO APPENDIX].

Independent Variables
We evaluate the effect of two independent variables: lexical simplification (IV1) and
coherence enhancement (IV2).
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Because we use individual sentences to measure perceived difficulty, in which coherence
cannot be enhanced, only the effect of lexical simplification (IV1) is measured for perceived
difficulty. Although this prevents the analysis of lexical coherence, it allows subjects to
finish the study in a reasonable time while still reading all the text. The sentences were
shown to participants as pairs, with each pair containing the original and simplified
sentence. Each participant viewed each pair in a randomized order; furthermore, the eight
pairs were shown in a random order for each participant. We presented sentences in pairs
since previous work has shown that a random set of 16 sentences offers less comparative
value for the participants and would result in less useful judgments [54, 55].

For the documents, we measure actual difficulty and both independent variables (IV1 and
IV2) are applied resulting in four versions of each document. Ideally, a completely within-
subjects design would be used where each participant reads all four versions. However, this
would result in an overly long study and can be problematic for testing actual difficulty (i.e.
understanding and knowledge acquisition) because of carryover effects. Instead, we used a
mixed design. One group of participants (Group 1) received documents that were not
enhanced for coherence; the other group (Group 2) worked with the versions that were
enhanced for coherence. Each group received a document that was lexically simplified and
one that was not.

Since each participant worked with two texts it was necessary to use two different topics to
avoid learning effects. The order of the conditions and the topic of the document were
counter-balanced to avoid order bias. For example, the first group of participants was
assigned to one the following orderings:

• Lexically Simplified Countries document – followed by – Original Genetics
document

• Original Genetics document – followed – by Lexically Simplified Countries
document

• Lexically Simplified Genetics document – followed by – Original Countries
document

• Original Countries document – followed by – Lexically simplified Genetics
document

The same orderings were also used with the Enhanced Coherence versions of each document
and assigned to the second group of participants.

Dependent Variables
Perceived difficulty was measured with a subjective measurement using a 5-point Likert
scale with labels ranging from “Very Easy” (score 1) to “Very Hard” (score 5). Participants
were asked to judge each sentence on this scale. The instructions given in this section were
“Please rate each sentence for difficulty. Imagine that you are a patient. How easy is each
sentence in helping you understand what is going on?”

Actual difficulty was measured with the Cloze measure and with multiple-choice questions.
The Cloze procedure was applied to both texts the participants received. Every seventh word
was removed and left blank to be filled in by the participant. Table I provides an overview
of the number of words deleted, including the distinction between content words, e.g. nouns,
versus function words, e.g. conjunctions. Participants were asked to write a single word for
each blank. In a later section of the study, participants were presented with the same texts
(this time without removing words) and were asked to answer multiple-choice questions
about the content of the text. For each text, we created seven multiple-choice questions, of
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which six were content related and one was a validation question. The questions and
answers were the same for all versions of a text. To prevent bias towards the original or
simplified versions we avoided phrasings found in either text when generating the questions
and answers.

Other Variables
We also collected demographic information for each participant. We included a section on
general demographic information (race, ethnicity, native language, and age), a section on
reading habits (frequency of reading books, magazines, online reading) and a section with
the Short Test of Functional Health Literacy in Adults (S-TOFHLA).

Procedure
There were six sections in the study. Each participant worked through all sections in the
following order:

1. Welcome page with instructions to finish each section sequentially (back button
was disabled).

2. Actual difficulty measurement of the two documents using the Cloze test

3. Perceived difficulty measure of the eight sentences using a Likert-scale

4. Reader characteristics measurement:

a. Demographic questions about age, gender, race, ethnicity, languages
spoken, education level, linguistics or medical knowledge

b. Questions about reading habits, i.e., how often they read books, printed
news and magazine, and text online

c. S-TOFHLA

5. Actual difficulty measurement of the same two documents used in section 2 using
multiple-choice questions

6. Thank you page with contact information

Results
Participants

The data of 187 participants was accepted for this study. Other data (8 participants) was
rejected because the participants failed one or more of the validation questions or because
they used the same IP address (5 participants). On average, participants needed 33 minutes
and 14 seconds to complete the study.

Table II shows an overview of the demographic information. A chi-square analysis was
conducted for each demographic variable. The test showed no significant difference between
the two groups of participants for any of the demographic variables and we therefore discuss
the data as a single group. Adults of different ages were well represented in the group. The
largest group was from participants who were between 21 and 30 years old (44%), and the
smallest groups were those younger than 20 years (7%) and between 61 and 70 years old
(5%). There were more female (64%) than male (36%) participants. Race and ethnicity also
varied. The largest racial group was white (76%) and largest ethnic group Not Hispanic or
Latino (92%). Because Internet access is global, we did not limit our participants to North
America. Most users were North-American though, (87%) with a smaller group from Asia
(11%) and very few from other continents such as Africa (0.5%) and Europe (2%).
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Beyond demographics, we also collected participant characteristics that might impact text
understanding and to explore how the amount of simplification interacted with perceived
and actual text difficulty. We asked the participants about their education and language
skills (Table II) and their reading habits for a variety of sources (Table III). Slightly more
than half of the participants did not possess a university degree. There were 2% without a
high school diploma, 36% with a high school diploma and 16% with an associate’s degree.
Of those with a university degree, most had obtained a bachelor’s degree (31%) with fewer
having obtained a master’s degree (12%) or doctorate (3%). The majority of our participants
spoke English at home exclusively (79%) or most of the time (7%). Very few spoke no
English at home (1%), rarely English (5%) or half of the time English at home (8%).

We asked each participant about reading habits related to books, printed media and online
media. For each category, we included examples with our description, such as “Time, The
Economist and Newsweek” for printed news magazines, “email and newsletters” as
examples of Internet communication, and “coupons, tickers and RSS feeds” as examples of
Internet notifications. More than half of the participants read two or more fiction books per
year with more than a third reading non-fiction books and textbooks. Most participants did
not read printed magazines, with more than three quarters reporting they did not even read
one printed magazine per week. In contrast, about half of our participants reported they read
news online almost daily and almost everyone read email and other communications daily.

Perceived Difficulty
All participants evaluated the eight sentence pairs (original and simplified versions) on the
5-point Likert scale with 1 representing the easiest and 5 the most difficult text. Figure 2
(left side) shows that simplified sentences were consistently seen as easier. A paired samples
t-test indicates that the overall average score for the lexically simplified sentences (2.16) is
significantly lower/easier (p < .001) than for the original sentences (2.79). This
simplification effect is significant for most sentences; taking a Bonferroni correction into
account (for conducting 8 tests), the simplified versions of sentences 1, 2, 3, 5, 6 and 8 are
significantly easier than the original versions (p < .001). However, the difference was not
significant for sentence 4 (p = .052) or sentence 7 (p = .140).

For comparability with other research, we measured the Flesch-Kincaid grade level for each
sentence (Figure 2, right side). The average Flesch-Kincaid grade level was 17.3 for the
original sentences and 17.1 for the simplified sentences, a difference that is not significant
(paired-samples t-test, p = .839). In some cases, the simplified sentence received a higher
Flesch-Kincaid grade level than the original version, which was a result of longer sentences
being created by adding information (e.g. definitions or hypernyms). For example, sentence
3 demonstrates this:

Original: “In practice, this risk of congenital heart defects is yet another reason to
avoid using bupropion and to monitor the cardiac status of exposed fetuses.”

Simplified: “In practice, this risk of congenital heart defects (which are defects that
happen while a baby is developing in a mother’s body) is yet another reason to
avoid using bupropion (a drug to treat depression) and to monitor the heart status of
exposed unborn children.”

These results show the challenges with Flesch-Kincaid Grade Level for directing text
simplification. Many of the sentences do not show major differences based on the level,
however the responses by our 187 participants show a clear distinction between the original
and simplified sentences, with simplified sentenced perceived as easier.
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Actual Difficulty
To evaluate the actual difficulty of text, we use two different measures: the Cloze measure
and multiple-choice questions. Figure 3 shows the results for the Cloze measure as the
percentage of blanks that were filled in correctly. Only exact matches were accepted as
correct, ignoring capitalization.

We conducted a two-way ANOVA with lexical simplification and coherence enhancement
as the two independent variables and repeated it three times: for the percentage of correctly
filled in blanks (All Words), for the blanks representing content words (Content Words), i.e.,
the meaning bearing words such as nouns and verbs, and for the blanks representing
function words (Function Words), i.e., the prepositions, conjunctions etc.

Overall, for all types of words, the participants performed better with text that was not
lexically simplified. We found a main effect for simplification (F(1,370) = 8.575, p = .004)
with participants performing better with the original text. The interaction is not significant (p
= .07). A closer look at the data reveals that this may be due to performance with function
words. We found no significant effect of our independent variables on the percentage of
content words filled in correctly. However, our ANOVA for function words showed a
significant interaction effect (F(1, 370) = 7.187, p = .008), while the main effect for
simplification is not significant (p = .054). The document that was lexically simplified but
without coherence enhancement led to worse Cloze scores.

Figure 4 shows the percentage of correctly answered questions. There was no significant
difference between the original and simplified text for our lexical simplification variable,
however, there is a significant difference for coherence enhancement. We conducted a two-
way ANOVA and found a main effect of coherence enhancement (F(1,370)= 8.673, p = .
003) with more correct answers with enhanced coherence for documents with lexical
simplification (60% versus 53% correct) and without (62% versus 56% correct).

The results show a clear difference in the results depending on the measure used to evaluate
actual understanding. The Cloze measure shows no beneficial effects of our treatment of the
text, while the multiple-choice questions shows more correct answers with coherence
enhanced texts.

User Characteristics
To understand how user characteristics are related to understanding we conducted two-tailed
Pearson correlations between user characteristics and the perceived and actual difficulty
measures. Table IV shows an overview of the results. For perceived difficulty, we found that
only the S-TOFHLA scores correlated with perceived difficulty. A higher S-TOFHLA score
(higher health literacy) was associated with lower (easier) scores for perceived difficulty (r =
−.159, p = .030). For the measurement of actual difficulty, we found two significant
correlations. The S-TOFHLA scores were negatively correlated with the Cloze measure (r =
−.232, p = .001). Higher S-TOFHLA scores (higher health literacy) were related to lower
(worse) scores on the Cloze measure. The second significant correlation was for book
reading: people who read more books scored higher (better) on the Cloze measure (r = .172,
p = .018).

We believe these correlations scores are a testament to the importance of the type of
measure used. The Cloze measure scores are likely reflecting the lack of coherence of the
documents due to the elaboration occurring during lexical simplification. This may have
been an important enough effect to show in these correlations as a negative relation between
higher literacy and lower scores on the Cloze measure.
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Discussion
Today, patients and consumers are increasingly responsible for educating themselves on
diseases, treatments and therapies. With the overall popularity of the Internet, text has
become the main tool for this self-education. Unfortunately, not all readers understand the
information in the text they read. The texts and their topics are often difficult and the reader
would benefit from text written in an easier form. Readability formulas have been popular in
assisting this effort, however, they only provide a high-level evaluation of text, do not
pinpoint difficult sections or suggest alternative writings, and there is little evidence that
their outcome is associated with actual understanding.

We believe text difficulty and the associated reader understanding and learning is influenced
by at least three factors: reader characteristics, text characteristics and measurement
characteristics. In the study presented here, we influenced the lexical difficulty and the
coherence of text. We measured both perceived and actual difficulty of the results using a
Likert-scale for perceived difficulty, and Cloze measure and multiple-choice questions for
actual difficulty. We found that perceived difficulty was improved by applying lexical
simplification, but actual difficulty was not. We did not measure perceived difficulty for our
coherence modifications (due to practical limitations) but found that increasing coherence
positively influenced actual difficulty with increased understanding shown by the multiple-
choice question task.

The perceived difficulty of our sentences was reduced after lexical simplification, our first
tested text characteristic. Interestingly, we found significant differences between the original
and simplified sentences when relying on reader judgments even though applying the
Flesch-Kincaid readability formulas did not show a difference in the sentences. In addition,
the reader characteristics were not strongly related to perceptions of difficulty. Only one
characteristic, the health literacy as measured by the S-TOFHLA, was significantly related
to perceived difficulty with people with higher health literacy scoring sentences as easier.

Reducing the actual difficulty of a text in an efficient manner is a difficult task. Our lexical
simplification approach had a negative effect on one measurement, the Cloze measure, and
no impact on the multiple-choice question scores. Although this was unexpected, the
detailed analysis showed that this effect was mainly due to worse scores for function words
but not for content words. It is probable that the simplification process introduced
awkwardness in the texts that made the task of filling in function words more difficult. This
may be the result of decreased coherence when elaboration was used to add information for
difficult terms, which in turn led to poorer scores on the Cloze measure and a lack of impact
on the multiple-choice questions.

Actual difficulty was improved with coherence enhancement with higher scores on the
multiple-choice questions than without coherence enhancement. The size of this
improvement, almost ten percent, is somewhat surprising since the coherence enhancement
did not change the content. Considering the importance of online information, this is a very
encouraging result. First, increasing coherence in this manner does not require a medical
background, which makes the process much more accessible. Second, the text provided on
the Internet lends itself well to optimal use of spacing and grouping of items.

Limitations and Future Work
The proposed algorithms and the study to evaluate them have some limitations which we
hope to address in the future. With regards to our algorithms, they require more fine-tuning
before they can be completely integrated in a writing support tool. For example, we plan to
improve our lexical simplification algorithm by using a phrase-based instead of word-based
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approach for flagging difficult terms. While it may complicate flagging difficult sections,
i.e., phrases may be rare but the individual words common, it may help provide more
appropriate alternative wordings. We also plan to investigate how to better integrate term
elaborations in the original text so that they are less disruptive, such as hints or links that
lead to explanations shown separate from the main text. We also plan to fine-tune and
automate our coherence algorithm, measure the effects on perceived difficulty and replicate
the effect on actual difficulty. There are also several additional limitations to our study setup
that we hope to address in the future. Although there were a number of situations where we
did not find statistical significant differences in this study, it may be possible that the effects
are small and that more participants are required for their discovery. To get a broader view,
however, we decided to first improve our algorithm and then conduct larger studies in the
future, including different document types. We also aim to test different user characteristics,
text characteristics and measurement characteristics to complement this study. Finally,
studies based on participation by MTurk participants should also be complemented by work
with patients in clinics. Given the importance of interest and motivation, it is possible that
the results would be even stronger with patients than with MTurk users, especially when
using text and topics relevant to the patients.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Summary Points

What is already known

• Online text is generally considered too difficult for laymen to read and
understand

• Readability formulas are the most commonly used tool to simplify text

• There is little evidence that ‘fixing’ text using readability formulas results in
better understanding of the text

New insights

• Actual and perceived difficulty are two different text characteristics

• Lexical simplification reduces the perceived difficulty of text

• Coherence enhancement reduces the actual difficulty of text
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Research Highlights

• There exists a distinction between actual and perceived difficulty of text

• The study showed how lexical simplification reduced perceived difficulty of
text.

• The study showed how coherence enhancement reduced actual difficulty of text.
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Figure 1.
Characteristics Important in Studies Measuring User Understanding
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Figure 2.
Perceived Difficulty (1 = Easiest, 5 = Hardest) and Flesch-Kincaid Grade Levels for the
eight sentence pairs.
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Figure 3.
Actual Difficulty Measured by Percentage Correct on the Cloze Test
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Figure 4.
Actual Difficulty Measured by Percentage Correct on the Multiple-Choice Questions
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Table I

Sentence and Document Characteristics

SENTENCES

 Lexical Simplification: Original (N = 8) Simplified (N = 8)

 Word Count (Avg.) 24 32

 Flesch-Kincaid Grade Level (Avg.) 17.3 17.1

DOCUMENTS

 Coherence: Original Enhanced

 Lexical Simplification: Original (N=2) Simplified (N=2) Original (N=2) Simplified (N=2)

 Word Count (Avg.) 231 264 234 262

 Flesch-Kincaid Grade Level (Avg.) 21 21 18 16

Cloze Measure:

 All Blanks Count (Avg.) 33 37 33 36

 Content Word Blanks Count (Avg.) 20 23 20 22

 Function Word Blanks Count (Avg.) 13 14 13 14
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Table III

Participant Reading Habits (N=187)

BOOKS

Fiction Non-fiction Textbooks

N (%) N (%) N (%)

Not at all 21 (11) 29 (15) 66 (36)

Less than 1 per year 23 (12) 48 (26) 27 (14)

About one per year 20 (11) 44 (24) 25 (13)

2–6 per year 50 (27) 41 (22) 39 (21)

More than 6 per year 73 (39) 25 (13) 30 (16)

PRINTED NEWS AND MAGAZINES

News magazines Newspapers Other magazines

Not at all 63 (34) 51 (27) 42 (23)

Less than 1 per week 78 (42) 69 (40) 83 (44)

About one per week 34 (18) 29 (16) 35 (19)

2–6 per week 7 (4) 27 (14) 23 (12)

More than 6 per week 5 (3) 11 (6) 4 (2)

INTERNET

Online news Social media Comm. Notifications

Not at all 14 (8) 21 (11) 1 (1) 60 (32)

Less than 1 per week 34 (18) 26 (14) 10 (5) 37 (20)

About one per week 28 (15) 13 (7) 12 (6) 28 (15)

2–6 per week 48 (26) 39 (21) 48 (26) 27 (14)

More than 6 per week 63 (34) 88 (47) 116 (62) 35 (19)
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Table IV

Correlations between User Characteristics and Perceived and Actual Difficulty

Perceived Difficulty Actual Difficulty

Cloze Measure (all blanks) Multiple-Choice Questions

 Age .104 −.056 −.057

 General Education .132 .006 −.024

 Medical Education −.094 .029 −.051

 Language skills −.014 −.076 .092

 Health Literacy (S-TOFHLA) −.159* −.232** .032

Reading Habits

 Books −.031 .172* .119

 Printed News and Magazines .035 −.018 −.038

 Internet −.030 .017 −.043

N=187, Pearson r two-tailed correlation coefficient,

*
p < .05,

**
p < .01
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