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ABSTRACT OF THE DISSERTATION
Why Health Information Is Hard to Read: A mixed methods study investigating the
readability of health information
by MIRAIDA MORALES
Dissertation Director:

Nina Wacholder

To investigate how readability affects the way adults who are learning to read
evaluate health information, a mixed methods research study was designed based on a
sociotechnical framework and using theories of everyday life information seeking. The
study analyzed a corpus of consumer health information documents (N=501) using the
CohMetrix text analysis tool (McNamara, Graesser, McCarthy & Cai, 2014) and a set of
NLP-based tools developed by Educational Testing Service (ETS) called SourceRater
and Language Muse® to identify specific linguistic features that contribute to readability.
In this study, these tools were used to assess the difficulty of reading health information.
In the next phase of the study, adults who are learning to read (N=20) assessed the
readability of the documents in the corpus as part of a usability study. The study found
that the documents’ low narrativity, limited concept and word overlap, and low cohesion
contribute to the difficulty of reading health information for adults who are learning to
read. It also identified differences in perceptions of reading difficulty among adults who
are learning to read. The findings highlight the limitations of current health literacy
guidelines and of using readability formulas like the Flesch-Kincaid Grade Level formula

to determine the readability of consumer health information, and questions the reliability
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of “Easy to Read” health information collections. Health information documents that are
easier to read can improve access to health information that supports and addresses the
needs of communities with poor health outcomes, including adults who are learning to

read.
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1. Introduction

Providing better access to good quality health information for members of
communities who are disproportionately affected by health disparities means that health
information materials need to be informative, relevant, useful, and easy to read. Since
poverty, adult reading levels, and negative health outcomes converge in many of these
communities, the need for health information that is easy to read for adults who are
learning to read is paramount (Berkman, Sheridan, Donahue, Halpern, & Crotty, 2011;
National Center for Education Statistics, 2002). When adults who are learning to read
evaluate health information, the ease of reading that document—what researchers term
readability (DuBay, 2004)—is a potentially crucial factor in how they judge its quality
and usefulness. The quality that makes text easy to read (readability) has been
operationalized by different readability formulas, such as the Flesch-Kincaid Grade Level
formula (DuBay, 2004), which are often recommended in professional guidelines for
creating easy to read health materials (U.S. National Library of Medicine, 2016). The
effective use of these “classic” formulas for determining the readability of consumer
health information documents is limited for several reasons. Some of these limitations
are: (1) these formulas were not developed for these types of texts; (2) they do not
measure other aspects of language beyond vocabulary frequency and sentence length that
might account for ease or difficulty of reading; (3) and they do not account for reader
characteristics that might affect how easy a document is to read, such as prior knowledge
of a topic (Redish, 2000).

Health agencies and community organizations including libraries, who are

concerned with providing access to good quality health information, tend to do so by



prescribing criteria, checklists and other tools to help individuals determine the authority
and credibility of consumer health information resources (Fritch and Cromwell, 2001).
These criteria include how easy it is to identify the author or publisher of the information
(e.g. whether a government agency or a private corporation such as a pharmaceutical
company), how frequently the information is updated, and how health information
presents evidence for health claims. Examples include the National Library of Medicine’s
tutorial on evaluating Internet health information resources,' the National Institutes of
Health’s Q&A site on evaluating online health resources,” the Medical Library
Association’s Guidelines for Evaluating Content’, and the National Network of Libraries
of Medicine’s checklist for evaluating health information.* Many of these same agencies
also provide content creators with guidelines on writing “easy-to-read” health
information. It is important to understand whether the implementation of these
recommendations result in health information documents that are easy to read for adult
beginning readers.

To investigate how these professional practices affect the way adults who are
learning to read evaluate health information that has been created specifically for users
like them, this proposal describes a multi-phase mixed methods study that critically
examines health literacy as a sociotechnical system in which social constructs and
technical artifacts are mutually and recursively shaped (Leonardi, 2012). It will examine
on the one hand how sociomaterial practices such as implementing writing guidelines and

applying traditional readability formulas, affect the classification of health information

' See https://www.nlm.nih.gov/medlineplus/webeval/webeval.html

* See https://ods.od.nih.gov/Health_Information/How To_Evaluate Health Information on_
the Internet Questions and Answers.aspx

3 http://www.mlanet.org/resources/userguide.html#guidelines

* See http://nnlm.gov/pnr/hip/criteria.html



materials as "easy to read,” and on the other, how adult beginning readers evaluate the
resulting documents. Since many of the readability formulas used to assess the readability
of health information, such as the Flesch-Kincaid Grade Level formula, were developed
for school and educational use (DuBay, 2004), exploring the social function of these
formulas in health literacy practices uncovers the way such practices, which were
originally developed for school-aged children learning to read, actually create barriers to
information access for adults who are learning to read. A sociotechnical approach to
investigating health literacy provides an analytical lens through which to gain a deeper
understanding of the way in which socially constructed professional values and
contextual factors affect readability judgments. This focused analysis seeks to further
enrich automatic methods of assessment and the guidelines used when creating health
information materials for these users.

To do so, Phase I of this study analyzed the readability of 501 publicly available
consumer health information documents using both traditional tools (e.g. Flesch-Kincaid
Grade Level formula). The analysis in Phase I also uses newer computational tools such
as Coh-Metrix” and NLP tools developed by Educational Testing Service (ETS). These
more newer tools take into account more sophisticated linguistic features of text such as
narrativity and cohesion (discussed in Chapter 3). In Phase II, the study investigated how
adults who are learning to read evaluate the readability of these health information
documents through a series of case studies based on usability testing methods. The
integrated analysis from each phase of this study revealed that health information
documents are characterized by long but structurally simple sentences, and that linguistic

factors such as the type of vocabulary used, and the documents’ poor narrativity and low

> Coh-Metrix tool is available at http://cohmetrix.com/



cohesion are factors that contribute to their poor readability. Furthermore, this study also
found that specific reading practices of adults who are learning to read also sometimes
affect the readability of health information. Specifically, this research study (1)
investigated how adults who are learning to read evaluate “easy to read” health
information in the context of everyday life information seeking and (2) investigated the
practice of health literacy by focusing on the uses of readability for adults who are
learning to read.

The remainder of this first section discusses in greater detail this study’s problem
statement, the work’s significance, the research objectives, and the research questions
that are the focus of this study. A short note disambiguating important terms used in this
paper concludes Chapter 1. This is followed by a literature review that discusses the
theoretical basis for the conceptual framework that underpins this work. After this
discussion, the mixed methods research design that was developed to answer these
research questions is described, including a discussion of Phase I and II of this study.
Chapter 4 discusses the integrated findings of this research study, and the conclusion in
Chapter 5 synthesizes a discussion of the implications of this work, its limitations, and

directions for future work.

1.1 Problem Statement

Recognizing that health information needs to be informative, relevant, useful, and
easy to read, different organizations have created formal guidelines that emphasize
readability and the importance of assessing reading grade level when creating health
information materials. Guidelines like Medline Plus' How to Write Easy-to-Read Health

Materials mention different readability formulas available to content creators to assess



the readability of their health information materials (U.S. National Library of Medicine,
2016). These guidelines are problematic for two main reasons. First, the readability
formulas such as Flesch-Kincaid Grade Level formula, which are endorsed by the
guidelines, have an overly simplistic way of defining readability as only a function of
sentence and word length. Researchers have coined the term “simplicity paradox™ to
describe the effects of over-emphasizing the role of sentence and word length to
determine readability, pointing out that simplifying text by making sentences shorter
paradoxically leads to text that is harder to read, mainly because this way of shortening
sentences often creates gaps in cohesion and requires readers to make inferences without
the aid of linguistic clues such as connective words or phrases (Zarcadoolas, 2011).

A second problematic aspect of these guidelines is the assumption that all readers
of Easy to Read materials have a similar set of needs with respect to consumer health
information. A main concern in this research is that adults who are learning to read are
not the same as children who are learning to read, and that not all adults who are learning
to read have the same reading practices nor the same level of domain or background
knowledge (Carey, 1985). Consider, for instance, the difference between an adult for
whom English is a second language, but who regularly reads the newspaper in another
language, and adult for whom English is a dominant or native language, but who is
learning to read and write in English as an adult. Determining what makes health
information easy to read for these different types of adult readers is not as straight-
forward as the guidelines suggest. To improve the readability of health information for
adults who are learning to read and to improve the guidelines that inform the creation of

these materials, user feedback is essential. Determining what features beyond word and



sentence length might make health information texts easy to read for someone remains
understudied, particularly with respect to adult new and developing readers. A better
understanding of how adults who are learning to read assess the readability of health
information resources will not only help improve these guidelines, but also will
ultimately improve access to health information that is easy to read for this group of users
as well.
1.2 Significance

The link between poverty, adult reading levels, and negative health outcomes has
led to a growing public health concern about the ability of members of at-risk
communities to access, understand and use health information to manage their health
(Berkman, Sheridan, Donahue, Halpern, & Crotty, 2011; National Center for Education
Statistics, 2002). This is not surprising considering that a high incidence of hospital and
emergency service use correspond with low levels of health literacy among adults
(Howard, Gazmararian, & Parker, 2005), and that adults from ethnic minority groups
tend to have lower health literacy than White adults (National Center for Education
Statistics, 2003°). Two important factors contribute to the severity of this situation: (1)
the state of adult literacy in the U.S. and (2) the expertise needed to read and use health
information.

Roughly 30 million adults (14%) in the United States tested at the lowest levels of
literacy and health literacy (National Center for Education Statistics, 2003). At the same
time, research shows that consumer health information is very difficult to read, and this

difficulty constitutes a health risk factor (Baker et al., 2002; Baker, Parker, Williams, &

® This is the last population-wide survey of health literacy that exists at the time of this
writing.



Clark, 1998; Berland, Elliott, Morales, Algazy, Kravitz, Broder, & McGlynn, 2001;
Walsh and Volsko, 2008; Dollahite, Thompson, and McNew, 1996). Developing ways to
make health information more accessible and easier to read for members of communities
most affected by health disparities requires a research agenda that includes a focus on
community members’ perspectives about the readability and utility of the health
information available to them. Without a better understanding of how these adults
evaluate consumer health information, the effectiveness of public health mandates to
improve access to health information, such as the U.S. Department of Health and Human
Services’ National Action Plan to Improve Health Literacy (2010) and recommendations
for creating health information materials for members of at-risk communities, remains in
question.
1.3 Research Objectives

To investigate how professional practices related to the creation, standardization,
assessment, and dissemination of consumer health information affect the way these
materials are ultimately evaluated by adults who are learning to read, this mixed methods
study conducted (1) a linguistic analysis of consumer health information documents using
computational methods for assessing readability and (2) a series of usability case studies
that investigated how adults who are learning to read evaluate these documents and
assess their readability. Integration of the mixed methods occured during the sampling,
data collection, and data analysis phases to optimize the trustworthiness of the research
findings, and to help maximize the study’s validity (Johnson, Onwuegbuzie, & Turner,
2007). The first point of integration informed the sampling of documents that were

analyzed during the usability case study. In order to select documents in a way that



minimizes researcher bias, the corpus of health information documents was grouped into
statistically derived clusters and prototypical documents from each cluster were identified
and selected for user evaluation. The second point of integration was at the data
collection phase, which included an interview protocol that was developed based on the
findings from Phase 1. Finally, an integrated analysis of findings from each phase of the
study helped to provide additional context and to corroborate the findings from Phase I
with the experiences of who are learning to read, which were collected and analyzed as
part of Phase II.
1.4 Research Questions

In order to better understand what accounts for the readability of health
information and how readability affects the way members of at-risk communities
evaluate health information, this study undertakes a critical analysis of health literacy as a
sociotechnical system (Leonardi, 2012) involving the use of writing guidelines,
readability formulas, and the classification of health information as “easy to read.” The

following research questions drive the study:

RQ1. What linguistic features affect the readability of consumer health information

documents for adult emerging readers?

a.  What linguistic features of consumer health information documents are
characteristic of these documents according to computational linguistic analysis?

b.  What features of text and reader, besides those identified by the “classic”
readability formulas, account for the ease of reading consumer health information

documents?



RQ2. How do adults who are learning to read perceive the readability of “easy to read”
consumer health information documents?

a. To what extent does the "easy to read" classification of health materials affect the

way adults who are learning to read evaluate them?
RQ3. What assumptions do the measures of readability recommended by professional
guidelines make about the characteristics of adults who are learning to read?
1.5 A Note on Terms
Before going further, it is important to define some important terms that will be

discussed throughout this paper. First, to properly delineate the scope of this research,
health information needs to be defined and specified within the context of this study.
Health information is a term that encompasses a broad range of resources, documents,
and tools used by practitioners and the public that are related to health and wellness.
Examples of health information include prescription medication labels, pre- and post-
surgery instructions, patient health records, and public health materials such as posters,
worksheets, and pamphlets. Health information also includes a group of documents and
resources called consumer health information, which are user-focused information
resources on a variety of health topics. These documents are also often called patient
education materials. Patient education materials are generally created by hospitals,
healthcare organizations, physician organizations, and institutions such as the Centers for
Disease Control and the American College of Physicians. Recognizing that not all users
of consumer health information are patients, however, this study uses the term consumer

health information documents to refer to print-based literature about a variety of health
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topics, and focuses on health information created for the public, which is increasingly
described as a consumer in the healthcare marketplace movement.

Another set of terms that must be defined are those that describe the adults who
participated in this study and who represent a larger group of adult readers for whom
“easy to read” health materials are created. The research literature and many public health
resources often describe these adults as adults who have low literacy skills, who lack
literacy skills, or even adults who are illiterate. The research study presented here is not
an investigation of cognitive factors. Terms that describe cognitive abilities, such as
literacy skills, are therefore not used in this work except when describing the focus of
other related research.

A growing practice in related work is to describe this group of adults as emerging
readers, which is a term that originates in the education literature that focuses on the
stages of reading development (Chall, 1996). Because the term “emerging readers” can
also be used to refer to children who are learning to read, it is not used in this paper.
Instead, the phrase this paper will use to describe this group of adult readers is adults
who are learning to read. The study described here is grounded in critical
methodologies that aim to elevate the role of the participant, especially when participants
are members of communities that have been historically marginalized, neglected, treated
unethically, or abused (see Section 2.3). Primarily for this reason, using language that
describes qualities that participants have, instead of focusing on characteristics that
dominant social groups feel these participants lack, is important for this work.

In addition to using a framework rooted in critical methodologies, this study also

applies a sociotechnical practice framework to investigate health information and reading



11

practices (see Section 2.2). When asked why they are receiving tutoring at the library, I
have often heard adults say, “so I can work on my reading and writing.” In the course of
my volunteer work with these adults, I have never heard them describe themselves as
someone who can’t read or as someone who lacks reading skills. Instead, they use
positive, affirming language that describes their learning practices: working on reading
and writing. For all of these reasons, it is important to use terms derived from the way
these adults describe themselves as a way to ensure that the adults who participated in
this research study do not feel further marginalized based on the language I use to
describe them in this dissertation.
2. Literature Review

To obtain a multifaceted understanding of how readability affects the usability of
consumer health information, this study conceptualizes this phenomenon as a set of
interconnecting health literacy practices. The practice of evaluating consumer health
information is part of broader everyday health literacy practices that includes people’s
assessments of these documents’ usability and readability. Evaluating health information
is socially embedded in value systems and related practices like reading and health
management. At the same time, creating health information documents that are easy to
read is also part of a broader set of professional practices for health literacy professionals.
This research integrates several theoretical frameworks in order to understand the
relationship between the professional practice of creating health information documents
and the everyday practice of evaluating these materials. Applying the theories of
everyday life information seeking (Savolainen, 1995), literacy as social practice (Gee,

2015), and sociomateriality (Leonardi, 2013) to the health literacy practice of evaluating
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health information results in a conceptual framework that supports an analysis of
consumer health information documents as sociotechnical artifacts created through the
use and manipulation of other sociotechnical tools, such as readability formulas and
writing guidelines. The health information document, itself a sociotechnical artifact, is
then embedded in other sociotechnical practices that are carried out when people seek,
read, evaluate and ultimately use them. To collect the data needed to make this type of
analysis, the research design for Phase II of this mixed methods work is based on critical
methodology (Israel, Schulz, Parker, & Becker, 1998) and usability theory (Marcus,
2011), and integrates these with the methods of data collection and analysis of Phase I of
the study including tools based on natural language processing techniques and research
on readability. The rest of this section discusses each of these theoretical approaches in
more detail and how they each inform the design of this research study.
2.1 The Everyday Life Information Seeking Practice of Evaluating Health
Information

Everyday life information seeking practices, such as information searching,
monitoring, sharing, and evaluating, are often implicated in literacy practices. Some of
these practices, such as reading health information to help manage one’s health, are social
instances in which people negotiate the meaning of language in print, such as interpreting
an ad (Gee, 2015). This research study combines the theory of everyday life information
seeking (Savolainen, 1995) and the theory of literacy as social practice (Gee, 2015) with
a sociotechnical approach (Leonardi, 2013) to critically examine the practice of

evaluating health information. Without denying that reading is a cognitive process, they

offer a conceptual framework that frames this study’s object of analysis as a social and,

more specifically, a sociotechnical practice. As such, this study design uses a usability
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case study method as a way to observe health literacy practices rather than as a way to
assess participants’ abilities or skills. This section more fully develops concepts related to
everyday life information seeking as a lens through which to study health literacy

practices such as evaluating consumer health information.

Research in library and information science has traditionally studied information
evaluation almost exclusively as a cognitive process (Hilligoss & Rieh, 2008; Eysenbach
& Kohler, 2002). These cognitive studies have found great variability in the way people
evaluate the quality and credibility of information, but no way to account for it. One way
to account for this variability, however, is to recognize the role of social influences or
social practices on this phenomenon (Y1, Stvilia, & Mon, 2012; Kim, Kreps, & Shin,
2015). People’s values are constructed, sanctioned and negotiated through the social
structures and interactions that organize their daily lives (Giddens, 1984; Bourdieu, 1990;
Savolainen, 1995). The evaluation of health information is, accordingly, a socially
created, sanctioned and reproducible process located outside the mind of individuals and
squarely in the observable practices of everyday life. Based on the theories of practice,
habitus, and social structures (Bourdieu, 1990; Giddens, 1984; Schatzki, Knorr-Cetina, &
Von Savigny, 2001), Savolainen’s theory of everyday life information seeking (ELIS)
emphasizes the situational and structural aspects of information practices (1995). By
applying ELIS to health literacy practices, this study investigates the role of reading and
readability in the everyday life information practice of evaluating health information.

Conceptualizing literacy-related practices such as evaluating health information as
social and discursive practices rather than as purely cognitive processes opens up new
ways of understanding health literacy. If knowledge, or what counts as evidence for

belief, develops within a social context (Fallis, 2006), it stands to reason that ways of
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evaluating that knowledge are also socially constructed and reproduced. Information
practices like evaluation are linked to prior experiences and to other related practices
such as health practices and language use through a social system that organizes people’s
way of life known as the habitus (Bourdieu, 1990). The social structure that orients
evaluation practices is constituted through language and discourse (Tuominen, Talja, &
Savolainen, 2002). According to this framework, knowledge, language, information and
beliefs are never neutral or objective, but rather products of discourses that develop from
subjective social positions (Hepburn, 2006). This discursive (social) subjectivity helps to
explain, for instance, why prescriptive approaches to evaluating information, such as
checklists and tutorials, are sometimes ineffective, since they ignore social practices that
influence how people make judgments.

Individuals have different ways of defining credibility, and how they define
credibility affects the way they evaluate information (Hilligoss, & Rieh ,2008;
Eysenbach, & Kohler, 2002). Likewise, people’s definitions of quality also vary (Arazy
and Kopak, 2011; Marshall and Williams, 2006; Stvilia, Gasser, Twidale, & Smith, 2007;
Yi, Stvilia, & Mon, 2012). Aspects of the information source itself also affect how
participants assess its credibility. These characteristics include—but are surely not
limited to—document readability, writing quality, amount of jargon, the use of
appropriate use of tone, and the use of plain language (Eysenbach, & Kohler, 2002;
Hilligoss & Rieh’s (2008). When they read information in order to evaluate its quality,
credibility, relevance, or usefulness, people seem to pay attention to certain cues present
in the text and use these cues in their evaluation. Though these studies have shown that

language evidently plays a role in the way people evaluate information, sow language use
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affects the way people evaluate information, however, has been understudied. This
research study makes important contributions to this area of research by conducting
usability studies of consumer health information from the perspective of adults who are
learning to read, a group that is at greater risk of negative health outcomes partly because
of their lack of access to health information that is easy to read (Walsh and Volsko,
2008).
2.2 Health Literacy as Sociotechnical Practice

Services for adults who are learning to read are a common component of many
public library community outreach and education programs. Fitzgibbons (2001) offers a
historical overview of literacy work in public libraries, including literacy policies and
guidelines developed by international and professional organizations such as UNESCO,
the American Library Association (ALA), and the International Federation of Library
Associations (IFLA). Though less prevalent, health literacy programs more specifically
have been gaining traction in public libraries, particularly since the publication of the
report, Health Literacy: A Prescription to End Confusion (Kindig, Panzer, & Nielsen-
Bohlman, 2004). This report not only claims that half of all adults in the United States
have trouble with health information, but more importantly, it correlates the high
incidence of hospital and emergency service use with low levels of health literacy. Some
early articles on health literacy in libraries published around this time offered prescriptive
strategies for health literacy program development (Burnham & Peterson, 2005). The
launch of Healthy People 2010 and of Healthy People 2020, national plans to improve
the health of American adults, highlighted the importance of increasing health literacy

levels among adults (U.S. Department of Health and Human Services; Huber, Shapiro, &
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Gillaspy, 2012). Recent efforts are taking a less prescriptive approach to health literacy in
libraries. Some important findings in this area claim that adults tend to self-report being
adept at finding health information and that they are good or excellent judges of the
quality of the health information they find (Y1, 2015). What many of these studies fail to
do, however, is conceptualize health literacy as a broader sociotechnical system in which
professional practices and everyday health information practices interact with
sociotechnical tools and artifacts when someone seeks, finds, reads, evaluates, and
ultimately uses health information to manage their health.

Framing health literacy practices as sociotechnical practices facilitates the
observation and analysis of this complex phenomenon (Leonardi, 2013). Increasingly,
health literacy is a social practice in which health professionals, librarians, and members
of different communities use or manipulate different artifacts in order to manage and
make decisions about their health and wellbeing.

Figure 2.2 Sociotechnical model of health literacy

Reading & Evaluating Easy to Read Health
Information (users of health info)

sociotechnical practices

Consumer Health Information casiateabnicobicalo Health literacy guidelines
(sociotechnical artifacts) & Readability formulas

sociotechnical practices

Creating & Disseminating Easy to Read Health
Information (professionals)
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The figure above shows the interaction between the sociotechnical practices involved in
creating, evaluating, sharing, and using health information, and the sociotechnical tools
that are shaped and also themselves shape these practices. This sociotechnical system
also includes the development and implementation of standards for creating so-called
easy-to-read health information, the endorsement of certain linguistic features as gold
standards for what makes text easy to read, and the use of certain technical tools for
measuring the readability of consumer health information. Of singular interest to the
present study are those technologies used to assess the readability of consumer health
information, such as the Flesch-Kincaid Grade Level formula and the writing guidelines
for developing so-called “Easy-to-Read” health information materials. All of this is
embedded within a set of professional health literacy practices that practitioners strive to
implement with the ultimate goal of improving the health literacy of different
communities (Koh, Berwick, Clancy, Baur, Brach, Harris, & Zerhusen, 2012). It is not
clear, however, that the specific professional health literacy practices concerned with
creating easy-to-read health information are in fact accomplishing this goal or even
providing greater access to health information. This study, then, seeks to better
understand, from the point of view of adults who are learning to read, whether and to
what extent consumer health information is in fact useful, usable, and easy to read by

using a sociotechnical approach to exploring this complex phenomenon.

Reframing health literacy practices and related technologies as a mutually shaping
system (Leonardi, 2012) challenges two dominant conceptualizations of health literacy:
(1) the behavioral model of health literacy, which defines health literacy as a set of
competencies that individuals either have or lack (Sgrensen, Van den Broucke, Fullam,

Doyle, Pelikan, Slonska, & Brand, 2012), and (2) the social movement model of health
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literacy, which conceptualizes health literacy as an individual good, encompassing a
person’s right to make decisions about one’s own body and health (Huber, Shapiro, &
Gillaspy, 2012). Instead, the sociotechnical approach looks at the social context in which

health literacy practices occurs, taking into consideration the people, practices,
technologies, and artifacts involved in providing access to easy-to-read health
information, as well as the characteristics of the system that make health literacy an
important social agenda. Health literacy is, according to a sociotechnical approach
(Leonardi, 2013), a set of socially embedded practices involving not just the intended
users of consumer health information resources, but also library professionals, health
practitioners, and content creators. This approach identifies the interdependencies
between the professional practices involved in providing access to easy-to-read health
information, the technologies implicated in these practices—such as the use of guidelines
and readability formulas—the documents created according to these guidelines, and the

ultimate users of these materials.

2.2.1 Using Readability Formulas in Health Literacy Practices.

Several agencies and institutions are involved in defining health literacy as a
public health issue. The Institute of Medicine defines health literacy as the ability to find,
process and understand health information needed to make decisions related to one’s
health (2004). To help professionals create health information that satisfies these health
literacy criteria, the U.S. National Library of Medicine and the federal government have
codified what it means for a consumer health information document to be “easy to read.”
Practices to avoid include the use of technical vocabulary and writing long sentences,
while practices endorsed include the use of bulleted lists whenever possible (PLAIN,
2011; U.S. National Library of Medicine, 2016). Often, these guidelines recommend that

content creators use readability formulas as a way to assess and subsequently classify
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consumer health information as “easy to read” (U.S. National Library of Medicine,
2016). The National Library of Medicine, for instance, recommends a reading level of 7*
or 8" grade (2016). Once it has been determined that a document meets these guidelines,
agencies may submit it to the “Easy to Read” collection of MedlinePlus where librarians
and public health professionals can access them for distribution to members of
communities they serve (U.S. National Library of Medicine, 2016).

As useful and well intentioned as these definitions and recommendations are, they
are mostly derived from empirical research based on adults reading websites (Office of
Disease Prevention and Health Promotion, 2016). It is unclear whether any studies exist
that focus on the different reading practices of different kinds of adults who are learning
to read—for instance, reading health information in print as opposed to online. Health
literacy guidelines do not reflect the diversity of reading practices among adults,
individual differences among adult readers, or the variety of their experiences reading
different kinds of texts. This study collected data representing differences in adults who
are learning to read as they evaluate health information in order to address this gap in the
research.

2.2.2 Readability and Readability Formulas.

The present study makes an important contribution to our understanding of health
literacy as a sociotechnical practice by conducting usability case studies with members of
communities for whom these resources are intended. From a sociotechnical perspective,
it explores (1) how members of these communities evaluate and determine the readability
of consumer health information documents, and (2) the role of writing guidelines and

readability formulas to designate these documents as “easy to read” for members of
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already marginalized and at-risk communities. To do so first requires a discussion of the
development, use, and limitations of readability formulas, which follows in the next
sections.

2.2.2.1 What is Readability?

Readability has been defined as a quality that determines how easy texts are to
read for a particular individual (DuBay, 2004). Based on this definition, a number of
important findings have had a lasting impact on current understandings of reading,
literacy, and readability:

*  Easy-to-read texts benefit individuals who have low topic knowledge and/or low
motivation,
»  Improved readability increases the likelihood that someone will continue reading,
and
»  Texts that are easy to read increase reading speed and retention (DuBay, 2004).
Despite these findings, defining just what makes something “easy to read” remains a
complicated research problem.

2.2.2.2 How Readability Formulas Operationalize Readability.

The modern concept of readability which resulted in the development of many of
the readability formulas used today, is the outcome of research that began in the United
States in the 1920’°s stemming from the field of education (DuBay, 2004). During this
early period, teachers were increasingly concerned with the reading difficulty of
textbooks for middle school and high school students, a group that was staying in school
longer than generations before the first World War (Zakaluk and Samuels, 1988). It was

at this time that the first English word frequency list, The Teacher’s Word Book,
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operationalized word difficulty for the first time (Zakaluk and Samuels, 1988; DuBay,
2004). Not long after, an important study published in Library Quarterly conceptualized
literacy as a set of skills, which remains a common characterization of reading even today
(Dale and Tyler, 1934). This study was an early attempt to identify factors that affect the
readability of text. It explored the readability of health information documents
specifically, and focused on a specific group of readers: African American adults with
limited reading skills. Dale and Tyler used a vocabulary test and a multiple choice
reading comprehension test to assess the reading skills of participants, and found that
vocabulary was most closely correlated to reading difficulty as measured by technical
vocabulary and the number of easy and difficult words in the samples. When the
researchers compared the reading scores of adults with those of children in different
grade levels, they found that adults in their study were most familiar with words known
by children in the 6™ and 8" grades. Sentence length and complexity were also found to
be important determinants of reading difficulty, as were the number of pronouns,
prepositions, and clauses in the sample reading materials. This study provides strong
evidence that helps to account for the weight given lexical features in many readability
formulas and statistical models.

Based on these and many subsequent studies, early readability formulas like the
Flesch-Kincaid Grade Level (Flesch, 1948), the Fry Readability Graph (Fry, 1968; Fry,
1977), the SMOG formula (McLaughlin, 1969), and the New Dale-Chall readability
formula (Chall and Dale, 1995), many of which are still used today, emphasize the effect
of vocabulary and sentence length on readability. Because in English longer words tend

to occur less frequently, readability formulas tend to score texts with a high incidence of
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long words as difficult to read (Sigurd, Eeg-Olofsson, & Van Weijer, 2004). This
observed correlation between the frequency and length of words in English has also been
used to develop health literacy assessment tools. For example, the Rapid Estimate of
Adult Literacy in Medicine and the Short Assessment of Health Literacy (Agency for
Healthcare Research and Quality, 2016)—two tests widely used in healthcare settings to
measure people’s health literacy—are both based on the assumption that people are likely
to recognize shorter, more frequently used words.

There is an inherent problem with the way these tools assess an individual’s level
of health literacy: they ignore the difference between being able to recognize a word as it
is written or read and being able to understand a word’s meaning in context. These
assessments conflate word recognition and vocabulary knowledge. For example, an adult
who is learning to read might not be able to read the word “pneumonia,” but she may
very well know what pneumonia is due to prior life experience. In other words, just
because someone cannot read a word does not mean that person does not know the
word’s meaning. Health literacy assessment tools based on this assumption like the Rapid
Estimate of Adult Literacy in Medicine and the Short Assessment of Health Literacy are
therefore insufficient indicators of health literacy.

Sentence length has also been used in a number of different readability formulas
as a simple way to account for syntactic structure (Flesch, 1948; Zarcadoolas, 2011). The
assumption here is that short sentences tend to exhibit a simple syntactic structure, which
tend to be easier for readers to understand. Sentences with more complex structure, such
as those containing dependent clauses, tend to be longer sentences, and the number of

subordinate clauses in a text has been validated as a measure that predicts text difficulty
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in Dale and Tyler (1934). Accordingly, the average length of sentences in a document has
been used in a number of readability formulas including the Flesch-Kincaid Grade Level
(Flesch, 1948), the Dale-Chall (Chall and Dale, 1995), and the SMOG formulas
(McLaughlin, 1969).

The assumption that longer sentences are more difficult to read than short ones,
however, is not always correct (Feng, Elhadad & Huenerfauth, 2009). Consumer health
information documents include many long sentences simply because they tend to list
symptoms, directions, or lists of examples that help to further define important concepts.

Example 2.2.2.2.a What I Need to Know About Irritable Bowel Syndrome, pg. 14

Fiber is found in foods such as whole-grain breads and cereals, beans, fruits, and
vegetables.

The example sentence above is relatively long, with 15 words, but has a simple structure.
Its length is the result of a list of items that are high in fiber. Findings related to this
limitation are discussed in greater detail in section 4.4.

Using the classic readability formulas to assess consumer health information
documents can also lead to inflated reading grade levels because the formulas cannot
adequately handle linguistic features that often characterize these types of documents,
such as specialized vocabulary, lists, or phrases not presented as complete sentences.
These formulas are also unable to account for factors that affect the way people read such

as reading ability, topic knowledge, motivation, context, and genre (Schriver, 2000).
Another important limitation of these formulas—and one that speaks to their external
validity —is that they were developed by using training corpora (also known as criterion
passages) that were very short and not representative of a wide variety of texts (Klare,

1984; Redish, 2000). Because they were initially developed for use in educational
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contexts, these formulas were trained on textbooks and other educational materials
intended for school-aged children, and this limits their applicability to texts developed for

adults, texts with longer passages, and to texts from different genres, such as health
information. For these reasons, simply following guidelines that recommend the use of
the classic formulas is not enough to ensure the readability of consumer health
information.

2.2.2.3 Applying Natural Language Processing Techniques to Assess

Readability.

Readability research using computational methods is a rich area of study. This
work identifies specific features within a corpus that represent linguistic characteristics
such as semantics and syntactic structures that are used to make readability predictions
(Collins-Thompson, 2014). Applying natural language processing (NLP) techniques to
build more sophisticated language models than the traditional readability formulas has
led to some recent developments in readability research. An important finding is that the
selection of features used to predict the readability of text is more significant than the
selection of the computational method itself (Collins-Thompson, 2014). Research based
on semantic network analysis has been able to extend the earlier readability formulas
based on word length and frequency. This research has found that relative word length—
or the difference in length between semantically related terms (broader terms vs.
narrower terms)—can better account for variability in text difficulty (Benjamin, 2012).
This makes intuitive sense, at least for English language texts, since not only do basic
nouns tend to be shorter than their variants, but they also tend to be less morphologically

complex (e.g. sofa vs. chesterfield and sod vs. sodden) (Feldman, 2013). A likely
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hypothesis is that texts that are easier to read tend to include more basic forms of nouns
and that, as difficulty increases, so too does the use of more complex noun variants.

Latent semantic analysis, a technique used to analyze the relationships between
concepts in a document, has also been used to measure text cohesion, which refers to the
way concepts and ideas are developed in a text (Benjamin, 2012; Deerwester, Dumais,
Furnas, Landauer, & Harshman, 1990). A more recent advance in the understanding of
what makes text easy to read is that text cohesion plays an important role in the reading
process. Cohesion refers to the semantic relationship between sentences. That is, it
represents how ideas are strung together in a text. Since the traditional readability
formulas like Flesch-Kincaid Grade Level (Flesch, 1948), the Dale-Chall (Chall and
Dale, 1995), and the SMOG formulas (McLaughlin, 1969) do not take meaning into
account, they are unable to identify or measure features like cohesion that are closely
related to readability. Researchers have been able to detect and model cohesion in text by
using natural language processing (NLP) methods (Klebanov, Diermeier, & Beigman,
2008). A study by Louis and Nenkova (2012) also found that these automatic methods of
detecting text cohesion are as reliable as human annotators. Though not primarily a
readability study per se, this study shows that discourse cues can help to identify the level
of cohesion in a text. In other words, it is possible to observe and measure the level of
cohesion in a text (McNamara, et al., 2014).

Another important aspect of research on cohesion is its relationship to syntactic
complexity (i.e. sentence structure). Siddharthan (2006), for instance, examined ways to
simplify text while preserving cohesion as a way to make text more readable by making

explicit the relationship between discourse and syntax. Paradoxically, simplifying text by
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making sentences shorter can lead to text that is harder to read due to the gaps in
cohesion that characterize text with an abundance of short sentences (Zarcadoolas, 2011;
Petersen & Ostendorf, 2007). An example of this type of simplification is the use of
bulleted lists in health information documents. Medline’s guidelines recommend,
“[w]here appropriate, use bulleted lists instead of blocks of text to make information
more readable.” (U.S. National Library of Medicine, 2016). Bulleted lists are frequently
used to enhance the readability of consumer health information. However, bulleted lists
often omit function words and other cues that help to explain the relationship between
items in the bulleted list. These gaps require readers to make inferences without the aid of

linguistic clues such as connective words or phrases (McNamara, Kintsch, Songer, &

Kintsch, 1996). This is not ideal for adults who are inexperienced readers. Inexperienced
readers and readers who have low domain knowledge actually benefit from text that
makes explicit connections between concepts presented across sentences and paragraphs

(McNamara et al., 1996).

Using computational linguistic methods to analyze readability raises some
methodological issues that must be resolved in order to maximize the validity of research
results based on these methods. Reading practices and other processes involved in
reading text are not always so easy to observe and quantify. A combination of factors
including cognitive, affective, discursive, pragmatic, and social, are at play when people
read text. When selecting and using any method or formula to assess readability,
researchers as well as practitioners must be clear as to what aspect of reading and
readability their chosen method is able to measure (Snatchschneider & Petscher, 2011).
This is why simply relying on readability formulas to assess a document’s readability is

not enough to support the health information practices of adults who are learning to read.
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It is important that practitioners understand the limitations of traditional readability
formulas and that they begin to implement other methods of assessing readability as part
of their health literacy efforts.

Readability assessment methods based on computational methods have yielded
important results when applied to health information. A study of the effects of
simplifying health information found that while lexical simplification diminishes
perceived difficulty, it increases actual difficulty since it can make text less coherent
(Leroy, Kauchak, & Mouradi, 2013). This inverse relationship between perceived and
actual difficulty of health information suggests that simplifying text by focusing on
vocabulary and sentence length alone—as recommended by the standard writing
guidelines—might not have the desired effect of making health information easier to
read. This also raises questions about the relationship between the reader and the text.
When a reader evaluates an information resource such as a health information document,
she brings certain expectations to that practice. At least some of these expectations are
socially constituted, such as that a document have a certain structure or that it use a
respectful tone (not childish, demeaning or condescending). At the same time, the text
itself brings with it the codification and embodiment of the creators’ communicative
goals. Many of these are socially constructed through professional practice. In the case of
a health information document, for instance, these codified constructions include
conceptions of health, accuracy and authority, as well as instantiations of what “easy to
read” language is. All of these factors interact when someone reads a health information
document, and they affect the way that person evaluates the document itself. The present

study further investigates the sociotechnical relationship between features of the text and
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those of the reader by analyzing consumer health information materials that have been
classified as “Easy to Read.” This analysis involves the use of computational linguistic
methods which are based on studies of reading and readability that make certain
assumptions about what it is to read a text. The next section discusses this foundational
work and what it means for this research study.

2.2.2.4 Reading Research.

Tools for automatically assessing the readability of text, such as Coh-Metrix, are
based on a series of recent studies on reading difficulty and comprehension. Such studies
have found that a reader’s level of prior knowledge, world knowledge, and domain
knowledge affect their reading of different types of text (Chin et al., 2011; McNamara,
Kitsch & Kintsch, 1996; McNamara et al., 1996). Specifically, readers who lack
background knowledge tend to have difficulty understanding what they read (McNamara
et al., 2014). Another set of studies found that prior knowledge of a topic (e.g. science or
biology) explained half the variance in reading comprehension of science texts among
students (Ozuru et al., 2009; Tarchi, 2010). A common thread through many of these
studies is their emphasis on reading comprehension as a cognitive process. Though none
of these studies explicitly defines reading, many are based on a cognitive view of reading
as a set of skills or abilities. More than just decoding the meanings of words, however,
reading involves higher level processes of meaning making, which the research literature
defines as comprehension (Duke & Carlisle, 2011). Making meaning, however, is in part
a social process involving socially constructed norms and values. What it means to follow
a healthy way of life or health practices, for example, varies among different social

groups or communities (Cockerham, 2006). Like meaning making, reading is a social
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practice and is situated in social action (Gee, 2001). While acknowledging the cognitive
aspects of reading, this mixed methods study frames reading and evaluating health
information as a situated social practice in order to further expand theories of reading and
readability, specifically with respect to health information.

2.2.2.5 Limitations of Reading Research.

When doing any kind of reading or readability study, researchers must be able to
account for how much the measurement tool itself might be interfering with any measure
of a participant’s knowledge or reading ability (Ozuru et al., 2009). This is especially
important when studying reading difficulties and when focusing on participants with a
low level of domain knowledge or adults who are inexperienced readers. An experiment
that elegantly addressed this issue investigated which features affect the readability of
text for adults with intellectual disabilities (Feng et al., 2009). This study challenges the
generalizability of some of the earlier claims of readability research based on the reading
and comprehension scores of school-aged children and the readability of school texts. It
found that readability assessment models trained on children’s texts are not always
adequate models of text readability for text intended for adults. This puts into question
the professional practice of using traditional readability formulas to assess the readability
of texts developed for adults.

Much of the research on health literacy includes studies that measure literacy
skills or reading abilities (Berkman et al., 2011). These studies implicitly ask how well
someone reads based on attaining optimal comprehension. Asking this question assumes
a gold standard, baseline, or expertise in terms of reading and comprehension. It is not

necessarily the case that the process of meaning construction involved in reading can be
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characterized this way. Making meaning is not an all or nothing endeavor since the
relationship between words and meaning is not one to one. Meaning is social and,
consequently, the same text can have different interpretations (Gee, 1992). More recent
approaches that look at the way people read acknowledge a diversity of social practices
and experiences involved in the process of reading. Instead of asking how well someone
reads, these studies focus on language use as socially situated. Written and spoken
language are linked through social practices involving discourses that guide ways of
speaking, believing, evaluating, and interpreting (Gee, 1992; 2001).

An approach to reading that takes into account the way language is socially
situated can also help to determine features of written language that account for how easy
it is to read for an individual. A study of reading in the workplace and in leisure time
found that occupation and social setting are correlated with the use, content, amount, and
type of document read (Kirsch & Guthrie, 1984). What people read and how much they
read varies not only between work and leisure, but also by type of occupation.
Specifically, it reported that professionals in upper management positions spend more
time at work reading society and science topics as opposed to technicians, clerical
workers, and service workers who tend to do more reference reading. Reading outside of
work also varied by type of material: regardless of occupation, participants spent most of
their leisure reading time reading prose as opposed to the other categories investigated in
the study such as notices, announcements, comics, or labels. These findings suggest that
an individual’s reading practices have something to do with how difficult or easy it is for
them to read a sample of text. It is also likely that an adult’s reading practices are affected

by her attitudes towards reading and the reading practices of the people around her. If an
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adult, for example, spends little time at work or at home reading informational texts or
has very little experience reading in general, she might experience difficulty reading
consumer health information regardless of it being labeled as “easy to read.” The
discourses in that document about health, medicine, science, risk, and scientific evidence
might be unfamiliar to her and might, therefore, make the document difficult for her to
read.

Taking a social approach to reading is underrepresented in readability research,
which has remained closely tied to cognitive theories of language use and
comprehension. To carry out a study that addresses this gap by investigating the health
literacy and information practices of adult new readers, it is important to firmly ground
this work on critical methodologies, which interrogate dominant narratives such as what
it means to be literate as well as health literate. The following section discusses the use of
critical methodologies in this research study, paying special attention to the methods in
Phase II.

2.3 Applying a Critical Lens to Health Literacy Practices

This research study is based on a critical methodology that not only frames the
research problem itself, but one that also guided the collaborative effort between the
researcher and the research participants, including both community members and
community-based organizations (Israel, Schulz, Parker, & Becker, 1998). A critical
approach to this phenomenon puts into question dominant narratives about access to
health information (Dunbar, 2008). According to such dominant narratives, there are
those who need easy to read health materials and those who can create and provide access

to them. In order to provide better access to health information for those who need it,
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professional guidelines stemming from this dominant stance suggest health materials stay
within a 7*-8" grade reading level, and they recommend the use of widely available
readability formulas including the Flesch-Kincaid Grade Level to assess document
readability (U.S. National Library of Medicine, 2016).

Applying a critical lens to this practice reveals the way in which health literacy
practices are embedded within a system that reproduces inequities through the use of
technologies like automatic readability formulas that make assumptions about the
characteristics of adults who experience greater health inequities. Using a formula that
assigns a 7" grade reading level to content written for adults is a way of demarcating a
group of adults as “others” who are in some ways similar to 7* grade children. Likewise,
the practice of giving a literacy test that assigns to an adult a reading grade level of 6°
grade, for example, might marginalize adults who are learning to read as someone who is

considered to be outside the norm. This research study uses data collection methods that
flip this power imbalance. Rather than measuring the reading skills or comprehension of
study participants who constitute a vulnerable class in this research, this study instead
asked them to make judgments about the usability and readability of consumer health
information resources. In this way, this study treated participants as experts on the utility
and readability of health information documents. This can have a transformative effect on
members of communities affected by poverty, marginalization and other factors that
compound health disparities (Tuhiwai Smith, 1999). The following sections discuss in
more detail how several theoretical frameworks and recent research findings were used in
this study to develop a research design that addresses the objectives of critical research

methodologies.

2.4 Usability Studies on the Readability of Health Information
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In design theory, usability represents the characteristics of a product or system
that users identify as facilitating the efficiency, effectiveness, and satisfaction
experienced during their use of it (Marcus, 2011). Because of its focus on ease of use,
usefulness, and user satisfaction, a usability study is a reliable way to observe and
analyze how people evaluate consumer health information (Bevan, 2009; Nardi, 1996). If
language use has something to do with how easy a document is to read, this suggests that
a relationship exists between usability and readability. Based on this assumption, this
study design includes a usability case study of health information documents by adults
who are learning to read that asked them to evaluate consumer health information
documents. These usability case studies also asked participants to mark up the documents
they evaluated and to participate in an interview in order to collect data about their
experiences evaluating the usability and readability of consumer health information.

Usability studies are further expanding readability models by introducing user
perspectives that are evidently related to reading, such as affect, use, perceptions, and
expectations (Leroy et al., 2013; Sluis, Broek, Glassey, Dijk, & Jong, 2014). As a
research method, usability studies are not only well suited to observing sociotechnical
practices and yielding rich descriptions of how people use technology, but they are also
an ideal method of collecting deep data about different cases representative of a single
phenomenon (Nardi, 1996; Rosson & Carroll, 2002). Additionally, usability methods are
a viable way to empower vulnerable participants—an important aim of critical
methodologies (Tuhiwai Smith, 1999)—by recognizing the agency that adults who are
learning to read have to assess the readability of health information documents. Rather
than focusing only on participants’ skills or abilities, the usability study presented here

investigated the readability of health information documents from their point of view.
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2.5 Resulting Conceptual Framework

The objective of the research design on which this study is based is to better
understand how people evaluate consumer health information and what role readability
plays during this evaluation. Using a sociotechnical framework and a theory of everyday
life information seeking, this phenomenon is cast as part of a larger health literacy event
that is socially embedded in value systems and practices like language use and health
management (Leonardi, 2012; Gee, 2015; Savolainen, 1995). These two theoretical
frameworks show us that health literacy guidelines, readability formulas, and the
resulting consumer health information documents are all products of social practices. The
sociotechnical literature stems from an approach to studying science that focuses
attention on the tools used to make scientific observations (Leonardi, 2013). According to
this theoretical approach, scientific findings are not objective or neutral facts, but rather,
they are the product of professional practices (by scientists). And the tools created to
observe the natural world are also products of these practices. Hence, what these tools are
able to observe and measure, and what data scientists are able to analyze, are the result of
these social practices. Reality, or what we know, is shaped by the practice of science and
the use of scientific tools. Similarly, the theory of everyday life information seeking
departs from a constructivist perspective to show how social factors influence
information practices like seeking and evaluating information (Savolainen, 2009). Of
particular relevance to the present study is Savolainen’s finding that credibility judgments
are highly dependent on the topic at hand and on one’s own ways of knowing and

thinking (2007).
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To undertake this project in a manner that is in keeping with the general aims of
critical studies (Denzin, Lincoln, Tuhiwai Smith, 2008), and to collect rich observations
of participants’ own judgments on the usability and readability of consumer health
information, this study comprises a series of usability case studies that treat participants
as experts with respect to the readability of these documents (Suchman, 1987; Nardi,
1996). The following section presents the methods used in the linguistic analysis of a
corpus of consumer health information documents (Phase I) and the methods used in the
health information usability study (Phase II).

3. Mixed Methods Research Design

This study is designed as a two-part, sequential mixed methods study. First, a
quantitative linguistic analysis (Phase I) assessed the readability of the Health Text
Readability Corpus, which includes "easy to read" health information materials, using
different computational tools: Coh-Metrix (see Section 3.1.2), developed by a team at the
University of Memphis, and a suite of NLP tools developed by ETS for developed to
evaluate linguistic features in well-formed text to, respectively, evaluate readability, and
generate reading activities to support ELL or struggling reader populations: SourceRater
and Language Muse® ® (see Section 3.1.3). These analyses identified linguistic features
of health information documents that affect their readability. I then used a statistical
clustering method to group the documents in the HTRC into clusters based on linguistic
features related to readability, and identified prototypical documents in each cluster.
Next, a usability study investigated how adults who are learning to read evaluate these
prototypical documents (Phase II). Only three documents were selected to minimize the

cognitive demands of this usability task for adults who are learning to read. Additionally,
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to minimize researcher bias in the selection of documents, the results of Phase I were
used to statistically identify prototypical documents in the health corpus that are likely to
be representative of other documents in each of the three clusters. Once identified, these
prototypical consumer health information documents were used to gather data about
participants’ evaluation of the readability of health information. This method of sampling
documents for user evaluation maximizes the trustworthiness of the qualitative findings
and their transferability to the larger collection of "easy to read" patient education
materials. Ultimately, these results will help to determine which features enhance or
detract from the readability of consumer health information for adults who are learning to
read.

A crucial advantage of the sequential mixed methods approach is that the findings
from Phase I (the linguistic analysis) were integrated into the design of Phase II (the
usability case study) (Creswell, Klassen, Plano Clark, & Smith, 2011). Specifically, the
interview protocol for the usability case studies included questions about features
identified during the linguistic analysis (Phase I). This allowed the researcher to gather
participants’ perspectives on the computationally derived readability measures. The next
point of integration in this study occurred during data analysis to expand the definition of
readability by including features identified through the usability case studies that were
not captured by the analysis in Phase 1. Findings from the usability case studies were then
used to further explain the findings of the linguistic analysis. By integrating diverse
methods in this way, this study ensures the complementarity of the findings from each
phase of the study (Johnson, Onwuegbuzie, & Turner, 2007) thereby providing a

multifaceted understanding of the relationship between the features identified by
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readability assessment tools and the way members of at-risk communities—in this study,
adults who are learning to read—evaluate the readability of health information.

The rest of this chapter discusses the methods used in each phase of this study in
more detail. It begins with a description of the corpus of health information documents
analyzed in Phase I, and continues with a description of the linguistic tools used for this
analysis. The chapter then discusses the linguistic features identified by each tool that
were used to analyze the readability of these documents, and concludes with a description
of the quantitative analysis performed, including the statistical clustering that divided the
corpus into three groups, and the identification of the prototypical documents that were
then used to gather data from participants during the usability studies conducted in Phase
II. The chapter then discusses the methods used in Phase 11, including the usability case
study design, the use of health information documents to gather participant data, the
participants who volunteered for this study, and the methods used to analyze the
qualitative data gathered during this phase. The chapter ends with a recapitulation of the
integrated analysis of data collected in both phases of this study.

3.1 Phase I: Linguistic Analysis of Consumer Health Information Documents

This section describes the creation of a machine-readable corpus of health
information documents, which includes easy-to-read materials (Section 3.1.1), a
linguistic analysis of this corpus using a computational tool called CohMetrix (Section
3.1.2), a linguistic analysis of the corpus using natural language processing (NLP) tools
developed by by ETS (Section 3.1.3), and a series of statistical analyses (Section 3.1.4).
To determine the features of consumer health information resources that affect their

readability, such as text cohesion, psycholinguistic factors like how concrete or abstract a
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word is, and syntactic complexity, the Coh-Metrix’ software was used to analyze a
corpus of 501 consumer health information documents® that are freely available online
from a number of information, government and public health agencies.” Coh-Metrix
identified features of these documents that may affect their readability, including
cohesion, narrativity, connectivity, and syntactic complexity. The corpus was also
analyzed using tools developed by ETS based on natural language processing methods,
and these results helped to support the trustworthiness of the linguistic analysis. A
subsequent statistical analysis of the linguistic features of these documents was then
conducted to identify relationships between these features and to understand their effects
on the documents' readability. Next, the documents in this health corpus were classified
into statistically significant groups using a k-means cluster analysis. Prototypical
documents from each cluster were selected and used as data collection tools during Phase
IT of this study (Tan, Steinbach, & Kumar, 2006). In addition to describing the Health
Text Readability Corpus and the linguistic methods used to analyze it, this section also
presents the results of the cluster analysis, including the selection of prototypical
documents that were used as data collection tools in Phase II of the study.

3.1.1 Creating the Health Text Readability Corpus.

This section describes the methods used to create a corpus of consumer health
information documents intended to help adults manage their health or the health of family
members. Because this research study is solely interested in characteristics of health

information resources, I collected a non-probabilistic, purposive sample (Krippendorft,

7 Coh-Metrix tool is available at http://cohmetrix.com/
® Sometimes also called patient education materials.
? See Appendix for list of sources
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2004) of consumer health information documents. The collection includes health
information documents that are in “Easy to Read” collections (N=294) as well as
documents not found in these collections (N=207). To create the corpus, I first selected
all pdf documents available through Medline Plus'’, including those that were labeled
Easy-to-Read'' as well as those not included in the Easy-to-Read collection. Then, I
conducted a Google search for “patient education materials” and collected consumer
health information pdf documents freely available online from different health
organization such as the CDC, NIH, American Heart Association, and American Diabetes
Association. Only pdf documents were included in the corpus since adults who have low
health literacy scores tend to rely on print-based media rather than on digital resources as
a source of health information (U.S. Department of Health and Human Services, 2008).
No websites, worksheets, posters, infographics, or handouts in table or chart format were
included in the corpus.

In total, 501 consumer health information documents were collected. Both, “Easy to
Read” documents and those not classified this way were included in the corpus in order
to capture as much linguistic variability as possible, which is important for cluster
analysis (Tan, Steinbach & Kumar, 2006). This collection of consumer health
information documents is referred to as the Health Text Readability Corpus (HTRC). The
collected pdf documents were then converted into machine-readable txt files for linguistic
analysis. The final sample consists of 496 health information documents after removing 5
documents that did not convert properly from pdf to txt format, which was necessary for

analysis. The following sub-section describes the methods of linguistic analysis

' https://medlineplus.gov/healthtopics.html
' https://medlineplus.gov/all easytoread.html
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conducted on this corpus using both CohMetrix as well as the ETS tools, and the results
of the statistical analyses used to classify the documents.

3.1.2 Coh-Metrix Tool.

Coh-Metrix'? is an automatic text evaluation tool developed at the University of
Memphis by a research team led by Danielle McNamara and Arthur Graesser between
2012-2014. Coh-Metrix was used in this study to measure 108 features associated with
text easability'” and text cohesion'® for the documents in the HTRC such as type-token
ratios, adjacent noun overlap, and the use of cohesive cues such as the presence of
connectives in the texts (McNamara et al., 2014). Coh-Metrix is designed to capture more
sophisticated features, such as argument and concept overlap, than the traditional
readability formulas do (Benjamin, 2012), and has been extensively validated as a tool
that is able to identify variation between high- and low-cohesion texts, as well as
variations between spoken and written speech, and between authors or writing styles
(Louwerse et al., 2004; McCarthy et al., 2006; McNamara et al., 2006). It uses
computational techniques such as part-of-speech tagging and latent semantic analysis,
among others, to produce quantitative indices representing different linguistic features
and discourse structures of text. These indices were used as the linguistic variables of
interest in the statistical analysis conducted on the documents in the HTRC to identify
what variables besides vocabulary and sentence length are likely to affect the readability

of health information.

> Coh-Metrix tool is available at http://cohmetrix.com/
" Easability are sources of ease or difficulty in a text. (McNamara, et al., 2014)

'* Cohesion is a measure of how well connected are different parts of the text. (Greaser, et
al., 2003; McNamara, ct al., 2014).
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The research that led to the development of Coh-Metrix found that readers with
less prior domain knowledge benefit from cohesive texts (McNamara et al., 2014). In
cohesive texts, concepts are deliberated repeated, which supports readers as they make
inferences when reading. By using specific discourse phrases or deliberately repeating
concepts, cohesiveness prevents ambiguity, which can be problematic for inexperienced
readers. Text in which important concepts are repeated across sentences is better able to
support readers that lack background knowledge. The researchers also point out that the
use of a series of short sentences can sometimes be less cohesive because connective
concepts are implicit rather than explicit.

In addition to characteristics of the text itself, related research has also found that
reading skill affects the way people make inferences when reading (as opposed to
cohesion, which is a characteristic of the text that’s being read). Individuals for whom
reading is a relatively new practice, or who have low domain knowledge, tend to ignore
conceptual gaps rather than make the appropriate inferences. This failure to make correct
inferences is a sign of lack of comprehension (McNamara et al., 2014, p. 22). Research
suggests that cohesive text includes a set of cues that allow the reader to form a coherent
understanding of what he or she is reading. Cohesive cues such as connectives are
explicitly present in the text as specific words and phrases (e.g. “until,” “although,”
“and,” “or,” “but,” “however,” “on the other hand,” etc.). This means they can be
automatically identified with computational linguistic methods and analyzed.

Unlike traditional readability formulas like the Flesch-Kincaid Grade Level,
CohMetrix does not suggest a reading grade level for text. Instead, it provides individual

scores for each of the features extracted from the documents. An analysis of this output of
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feature scores helps to provide a more nuanced understanding of how these features
contribute to the ease or difficulty of reading the documents based on syntax, cohesion,
and semantics. The following section discusses the specific linguistic features identified
by CohMetrix which were used to analyze the documents in the HTRC.

3.1.2.1 Coh-Metrix Easability Measures.

Though they can be useful in identifying text that might be difficult to read for
certain readers, traditional readability formulas such as the Flesch-Kincaid Grade Level
formula do not reveal which linguistic features of a text account for reading ease or
difficulty. This is because these traditional formulas are based on only two features: word
length and sentence length. To address this limitation, the researchers who developed
Coh-Metrix set out to identify those features of text that actually account for its
readability (McNamara, Graesser, McCarthy & Cai, 2014). These “easability” measures
together account for 67.3% of the variance in text reading ease (p. 86).

Table 3.1.2.1.a CohMetrix Easability Features

Feature* Description

Corresponds with features of oral, everyday language and, as such, is
Narrativity associated with world knowledge and word familiarity. It also tends to
characterize texts that tell a story.

Syntactic Indicates familiar, less complex and more familiar syntactic structures that
Simplicity are easier to process.

Indicates the presence of words that are easy to visualize and are therefore
Word less abstract. Abstract, less concrete words, make text more difficult to
Concreteness | understand. For example, the word “milk” is more concrete than the word
“hOpe,”
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Measures the amount of concept overlap between sentences and throughout

Referential the text, which helps readers to make inferences not present in the text.

Cohesion Referential cohesion is crucial for readers with low domain knowledge
(McNamara et al., 2014; Ozuru, Briner, Best, & McNamara, 2010).
Indicates the presence of causal and intentional connectives in the text that

Deen Cohesion represent causal and logical relationships. As with referential cohesion,

p texts that score high on this measure help readers form inferences based on
what they read.
.. Indicates the presence of adversative, additive, and comparative
Connectivity »

connectives that reflect relationships in the text. Examples are “and,” “or,
“also,” “but.”

The table above presents six easability meausures'® identified by CohMetrix that affect

the ease or difficulty of reading a text. To derive these easability measures, Coh-Metrix

researchers conducted a principal component analysis (p. 78) which identified the

following easability factors: narrativity, syntactic simplicity, word concreteness,

referential cohesion, deep cohesion, verb cohesion, connectivity, and temporality.

According to the principal component analysis conducted by the CohMetrix researchers,

the first five of these—narrativity, syntactic simplicity, word concreteness, referential

cohesion, deep cohesion— account for 54% variance (p. 86). For this reason, they are the

main focus of the linguistic analysis conducted for the present study’s analysis of

documents in the Health Text Readability Corpus.

Connectivity is also included in my analysis as a way to measure whether and to

what extent the presence or absence of connective words or phrases in the health corpus

might affect the readability of the documents. Medline’s guidelines for writing easy-to-

" The full index is available online at http://cohmetrix.com/documentation_indices.html
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read health materials recommend the use of bulleted lists, and many documents in the
health corpus include bulleted lists. Bulleted lists often omit connective words such as
“and,” “or,” “because,” “however,” “although,” “also,” and “but. ” A previous
exploratory pilot study showed that adult developing readers find such lists problematic
because they have trouble parsing them (Morales, 2017). This might be due to the
absence of connectives that help readers make inferences between sentences and ideas.
Connectives help link together different parts of the text and, thereby help readers make
inferences (Graesser, McNamara, Louwerse, 2003). Because of this function, they are
considered cohesive cues, and their presence or absence is an indication of the text’s
cohesion (McNamara, et al., 2014). It is important for this study, then, to also analyze the
connectivity of these documents. Out of the 108 total features that CohMetrix measures,
the present study only focuses on the easability features listed above since they strongly
account for a document’s readability.

3.1.2.2 Word Information Features.

In addition to the easability measures discussed in the prior section, CohMetrix also
provides an analysis of word information for the health information documents in the
HTRC that is more sophisticated than the Flesch-Kincaid Grade Level formula in that it
goes beyond word length and frequency. Word information refers to a set of semantic
features related to the way in which readers mentally process words and word meaning.
Examples of such features are word familiarity, concreteness, imageability,
meaningfulness, and hypernymy. The table below provides a more detailed definition of
the lexical features identified by CohMetrix that were used to analyze the HTRC

(McNamara et al., 2014).
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Table 3.1.2.2.a Word Information Features Measured by CohMetrix

Feature Description

This is a measure of how familiar a word seems to an adult. Scores
range from 100-700 with the maximum entry of 657, a mean of 488

Familiari Co : o
amiliarity and a standard deviation of 99. Sentences with familiar words are
easier to read.
This measures the level of abstractness in a word. Concrete words
Concreteness represent things you can hear, taste, or touch. The range of scores is

100-700.

This feature refers to the ease with which a reader can construct a
Imageability mental image of a word. For example, ‘ambulance’ has a higher
imageability score than ‘ache.” The range of scores is 100-700.

Meaningful words are highly associated with other words. Words
that are weakly associated with other words might contribute to low
readability. There is a relationship between concreteness and
meaningfulness. Scores range from 100 to 700 with a minimum of

127, a maximum of 667, a mean of 415, and a standard deviation of
78.

Meaningfulness

This feature represents the level of semantic specificity of a word.
Hypernymy For instance, ‘chair’ is more specific than ‘furniture.” The higher the
hypernymy count, the more specific the term.

CohMetrix provides a measure of these psycholinguistic features in its output because
they can affect the readability of text (McNamara et al., 2014). For example, the
concreteness or familiarity of a word can make text easier to read. CohMetrix derives the

measures for the features listed in the table above from two sources. It uses the MRC
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Psycholinguistic Database'® to derive familiarity, concreteness, imageability, and
meaningfulness scores. To derive scores for hypernymy, CohMetrix uses the WordNet'’
lexical database.

3.1.2.2 Limitations of Coh-Metrix.

Though Coh-Metrix goes far beyond the Flesch Kincaid Grade Level formula in the
features that it identifies and has been extensively validated as a tool that is able to
identify variation between high- and low-cohesion texts (Louwerse et al., 2004;
McCarthy et al., 2006; McNamara et al., 2006), its training corpus is an important
limitation for the present study (Benjamin, 2012). A training corpus is the collection of
texts or documents that a computational linguistic tool uses to learn how to score features
in order to accurately score new, unseen texts. CohMetrix’s training corpus is a collection
of K-12 academic texts, which is not at all representative of health information
documents which are developed for adults. This limitation is partly offset by the size of
the training corpus (32,520 texts) and its variability in terms of subject matter or domain,
as it includes science, history, language arts, as well as business, health, home economics,
and industrial arts (McNamara et al., 2014). Additionally, CohMetrix continues to add a
variety of texts to its training corpus in order to continually improve the validity of its
output. When analyzing the Coh-Metrix output, it is important to keep in mind that
variable scores are relative to texts in its training corpus. Because of this inherent
limitation (which is a limitation to any corpus since it is impossible to include all
available documents in a corpus), I used another set of tools developed by Educational

Testing Service to analyze the HTRC.

' http://websites.psychology.uwa.edu.au/school/MRCDatabase/uwa_mrc.htm
"7 https://wordnet.princeton.edu/
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3.1.3 ETS’ NLP Analysis Tools.

In order to enhance the linguistic analysis facilitated by CohMetrix, and to
minimize the effect of its limitations, the HTRC was also analyzed by a set of text
analysis tools developed by Educational Testing Service (ETS), including Language
Muse® (Madnani, Burstein, Sabatini, Biggers, & Andreyev, 2016) which identifies
features related to syntax and discourse relations and SourceRater which assesses text
complexity by analyzing a number of features that contribute to this measure of reading
difficulty (Napolitano, Sheehan, & Mundkowsky, 2015). Though many of these features
overlap with those identified by Coh-Metrix, the ETS tools identify a number of
additional features of particular interest to the present study; these include text
complexity, organizational features, and specific discourse relations. Documents in the
HTRC corpus were prepared for analysis. This involved converting pdf files to .txt files.
A number of documents that the ETS tools were not able to analyze due to their format
were removed from the corpus (Ngrs=430)'®. The following sections discuss in more
detail the linguistic features measured by ETS’ SourceRater and Language Muse® tools
that were used to analyze the HTRC.

3.1.3.1 SourceRater Features.

SourceRater is a tool developed by ETS that provides a measure of text
complexity (Napolitano, Sheehan, & Mundkowsky, 2015). It has been validated as a tool
that is highly correlated with human judgments of text complexity, and can reliably
predict differences between different genres: informational, literary, and mixed genre

texts (Sheehan, 2016). What makes SourceRater unique is that it not only provides a

'® Compare to the CohMetrix analysis of N=496 documents in the HTRC.



48

holistic complexity score for the document, but it also provides a more granular view of

those features that contribute to this complexity score. Another unique aspect of this tool

is that it provides a correspondence between the level of complexity in a text and

acceptable ranges of complexity for grades 2-12 based on the Common Core standards,

and this has been externally validated (Napolitano, Sheehan, & Mundkowsky, 2015). The

overall complexity is scored from 0-2000, and is a composite score based on contributing

features, which are scored from 0-

100 (the higher the score, the more complex the text

is). The following table summarizes the complexity features computed by SourceRater in

this analysis.

Table 3.1.3.1.a SourceRater Com

lexity Features.

Feature* Description

Academic Vocabulary Words more commonly found in academic writing rather
than spoken language or fiction.

Argumentation Presence of words and phrases commonly found in

99 ¢

informational text such as “although,” “however,” “as a
result,” “for this reason,” etc.

Lexical Cohesion

A measure of the number of overlapping lemmas between
pairs of sentences in each paragraph.

Concreteness and
Imageability

Describes how difficult it is to imagine the word.

Conversational Style

Reflects the use of words and style associated with spoken
language.

Narrativity

Reflects the amount of text found within quotation marks,
referential pronouns, and use of past-tense verbs, all of
which are primary features of written narratives, as
opposed to spoken discourse.
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Syntactic Complexity

Measures the complexity of sentence structure in a text.

Word Unfamiliarity

A measure of rare words in a text based on word frequency.

Final Complexity

Overall complexity score for the text based on the scores
for contributing features listed above.

*All scored from 0-100, where 100 indicates maximum complexity.

The features in the table above contribute to the final complexity score include measures

of syntax, vocabulary difficulty, and organizational features such as argumentation and

narrativity. More specifically, they represent the complexity of sentences in the

documents, the documents’ use of academic and rare words, the use of concrete words,

the use of words associated with spoken language, the presence of words and phrases

associated with informational text such as “although” and “for example,” and a measure

of how closely the text conforms to linguistic features common of written texts.

3.1.3.2 Language Muse® Features.

The health information documents in the HTRC were also analyzed using a tool

developed for educators by ETS called Language Muse®, which relies on NLP

techniques to identify features having to do with syntactic structures (structure of

sentences) and discourse relations (which represent logical relationships such as cause

and effect) (Madnani, Burstein, Sabatini, Biggers & Andreyev, 2016). The Language

Muse® tool is intended for use primarily by educators. The tool is intended for classroom

use with English language learners, and is designed to generate language-based activities

on K-12 classroom texts. For purpose of this study, the back-end NLP features used to

generate the activities were re-purposed, and were generated on the HTRC corpus.
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Table 3.1.3.2.a. ETS Language Muse® Features

Feature Description

1
Complex Complex noun phrases or verb phrases.
Clauses
Cause and Terms representing a cause-effect relation between text segments.
Effect

Terms that represent a comparison or contrast between text

Contrast

segments.

Evidence and

Detail Terms that represent specific evidence or details in a text segment.
etails

inion an .o .. )
Opinion and Terms that indicate opinions and inferences between text segments.

Inferences
Persuasion Terms that represent persuasion in a text segment.
Summary Terms representing a summary of ideas or concepts in a text.

The table above presents a summary of the features identified by Language Muse® that
were used in the analysis of health documents in the HTRC. The Language Muse®
output used in the analysis of the HTRC generates raw counts of the presence of these
features in the text. The results of this analysis were integrated with the Coh-Metrix
analysis in order to provide a deeper understanding of the relationships between different
linguistic features and their effects on the documents’ readability. Language Muse® was
used specifically to identify discourse structures present in informational texts (and that
are likely to be present in health information documents) such as contrast, evidence and
details, cause and effect, and persuasion. The use of the three distinct tools to identify
linguistic features in the HTRC provides a more broad and varied set of analyses with

which to work.
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3.1.4 Quantitative Analysis of HTRC based on Coh-Metrix Easability

Features.

A series of statistical analyses was performed on the documents in the HTRC using
the CohMetrix output of easability measures listed in Section 3.1.2.1 to investigate the
relationship between readability and different linguistic features. More specifically, this
includes a quantitative linguistic analysis using features identified by Coh-Metrix that
goes beyond vocabulary frequency and sentence length, the only features used in
traditional readability formulas such as the Flesch-Kincaid Grade Level formula. First, I
conducted an exploratory descriptive analysis of the six easability measures of interest.
Next, [ performed a k-means cluster analysis to classify the documents in the corpus into
statistically meaningful categories based on the variables of interest listed in Table
3.1.2.1.a by a subsequent discriminant analysis based on these same variables. The
resulting clustering model facilitated the identification and selection of a prototypical
health information document from each cluster, which were then used to collect
participant data in the subsequent qualitative phase of this mixed methods work. The
clustering model also allows for the prediction of cluster membership for new texts.
Finally, the discriminant analysis confirmed the goodness of fit of the clustering model
for the documents in the health corpus. The following section discusses in more detail the
classification of the documents into clusters, how prototypical documents were sampled
for Phase II, and describes the prototypical documents selected.

3.1.4.1 Sampling Health Information Documents for Participant Evaluations.

To sample documents for participants to evaluate during Phase II of this study, a k-

means cluster analysis classified the documents in the health corpus into three distinct
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groups representing varying degrees of reading difficulty based on the six easability
measures of interest listed in Section 3.1.2.1. Most of the documents in the 