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ABSTRACT
The use of the Electronic Health Records (EHR) patient portal has been shown to be
effective in generating positive outcomes in patients’ healthcare, improving patient
engagement and patient-provider communication. Government legislation also required
proof of its meaningful use among patients by healthcare providers. Typical patient portals
also include features such as health information and patient education materials. However,
little research has examined the specific use of patient portals related to individuals with
specific diseases such as inflammatory bowel diseases (IBDs). IBDs are life-long, not
curable, chronic diseases that can impact the whole population. Individuals with IBDs may
have higher needs to acquire health information from their EHR portals to properly self-
manage their health conditions. The research aims of the present dissertation are to
understand the online health information-seeking behaviors of a target group (IBDs) of
patients, the use of EHR patient portals, and the impact of design features of EHR patient

portals on the usability and information communication for shared decision making.

Through this dissertation, | conducted four studies to address the above research aims.
First, I identified how individuals with inflammatory bowel disease (IBD) used the internet
for health information seeking, the factors impacting their use of the internet to obtain
health information, and how they used the internet for health-related tasks. The purpose of
this study is to get a general understanding of the online health information-seeking
behaviors and to guide the study of health information presentation of EHR portals in the

following research. Second, | examined what factors influenced an EHR patient portal user



to believe that the portal is a valuable part of their health care. This part of the dissertation
aimed to reveal the critical design factors that help design an EHR portal perceived as
valuable in managing health. Third, I looked at how patients used EHR patient portals,
what features of the portals facilitated their use and encouraged Shared Decision Making
(SDM) and engagement in health management and what features acted as barriers to SDM
and their engagement in health management. This part of my dissertation focused on a
broad understanding of EHR portals usage by introducing more specific factors such as
features of EHR portals. Fourth, | conducted an eye-tracking study to examine how
information presentation methods and chatbots impact the use and effect of patient portals.
This part of my dissertation built on the other studies within my dissertation and deepened
the understanding of the influence of different EHR portal designs on their effectiveness

and people’s willingness to participate in SDM.

The results of this dissertation contribute to the literature of understanding the information-
seeking behaviors of IBD patients and the use of portals, as well as the design
considerations of how to make a suitable EHR portal to support the information-seeking
needs of IBD patients. The results of this dissertation can be used to guide building proper
patient education materials to support their health information needs of their specific health
condition, especially for individuals with chronic diseases that require a certain amount of
self-management. Meanwhile, examining artificial intelligence (Al) based chatbots use in
EHR portals reveals a potential path of Al use in healthcare, such as information acquisition

and patient education. Designing good usable EHR may also facilitate the process of



informing patients of the advantages and disadvantages of treatment plans for their disease

and, therefore, may increase their willingness to participate in SDM.
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CHAPTER ONE
OVERVIEW AND LITERATURE REVIEW

INTRODUCTION

Promoted by technology development and government policy, healthcare providers are now
enabling their patients to access their electronic health records online using electronic patient
portals (Kruse, Bolton, & Freriks, 2015). However, the design and usability of patient portals raise
concerns, some of which may be related to the use of medical language (Sox et al., 2010), lacking
technical support (Irizarry, Dabbs, & Curran, 2015), and human factors design issues in the
interface (Goldzweig et al., 2013a). Ideally, a properly designed patient portal should provide
enough information to the patients so that they can manage their health care and health-related
tasks. Shared Decision Making (SDM) is a promising method to inform patients better, encourage
patients’ engagement in their own healthcare, and subsequently engage in shared decisions with
their medical professionals during medical services (Sepucha et al., 2016). The SMD approach
allows patients and their health care providers to discuss the potential benefits and risks associated
with treatment decisions, and together make a decision that can best support patients’ interest
according to their distinct individual requirements. More details about the background information

could be found later in this chapter, which presents a broader literature review of this dissertation.

Inflammatory Bowel Diseases (IBD) are chronic conditions that cannot be fully cured,
which impact the intestines, colon, and bowel (Best, Becktel, Singleton, & Kern, 1976). IBD may
lead to life-long disability or even death (Kaplan, 2015). An increasing number of patients are
impacted by IBD across the US, including both adults and children, both male and females (K. T.
Park et al., 2020). Ng et al. (2017) reported that more than 0.3% of the population are impacted by

IBD across North America and many European countries, and experts are expecting higher



prevalence (Kaplan, 2015). Patients with IBD have a higher risk of infection, and having active
diseases and therapy may worsen this issue (Bezzio et al., 2020). Especially during the global
pandemic of COVID -19, factors like active IBD disease, older age and comorbidities are reported
to have a negative impact on COVID-19 outcomes, leading to pneumonia, respiratory support,
hospitalization and even death (Bezzio et al., 2020). Self-management of chronic diseases like IBD
is vital for patients to get better health outcomes, while proper self-management requires the
patients to have correct information to understand their current situation and corresponding
treatment methods (e.qg., diets, medicines or therapy). Thus, understanding and assisting the

information acquisition of IBD patients are vital in aiding their self-management of IBD.

Past research (Baker, Wagner, Singer, & Bundorf, 2003; Cassell, Jackson, & Cheuvront,
1998; Claridy et al., 2018; Grady & Gough, 2014; Kreps, 2017) has found that using the internet to
search for health information leads to better health outcomes, and the internet is believed to be a
good source of health information to support developing health knowledge, ongoing long-term self-
management of care, and monitoring the condition of patients. However, very few health websites
provide self-management information of IBD (Promislow, Walker, Taheri, & Bernstein, 2010),
leading to the increased importance of Internet searching behaviors to get relevant health
information. Thus, there is a need to understand how IBD patients use the internet for health
information seeking, specifically what factors impact their information searching behaviors. This is
addressed in Chapter 2 of this dissertation. The results of Chapter 2 were published in the Journal

of Medical Internet Research (Yin & Neyens, 2020).

Before narrowing down to designing specific EHR portals to assist the usage of IBD
patients, a general understanding of portal use of public users is necessary. Chapter 3 of this

dissertation examined what factors have an influence on patient portal users’ perceived value of



EHR portals. Chapter 3 includes the standard demographic variable such as age, gender, marriage
status, income, and education level, as well as users’ opinions on their current use of patient
portals. Chapter 3 also targets to reveal potential design factors that can contribute to designing a
valuable EHR portal for the general public of EHR portal users. The results of Chapter 3 were
published in Proceedings of the 64th Human Factors and Ergonomics Society Annual Meeting

(Yin, Neyens, & Law, 2020).

As this dissertation examines the impact of design features of electronic health records
(EHR) patient portals on the usability and information communication for shared decision making,
part of the overall process in Chapter 4 examines 1) how patients use patient portals, 2) what
features of the portals facilitate their use and encourage SDM and patient engagement in health
management, and 3) what features act as barriers to SDM and engagement in health management.
Specifically, Chapter 4 explores what population use patient portals and how do they use their
portals, such as what features they used and desired, what factors hinder their use, what online
information source they use, what information presentation method they preferred, how they trust
their patient portals and what features would encourage their use. The results of Chapter 4 were

published in the Journal of Medical Internet Research Human Factors (Yin, Law, & Neyens, 2021).

Chatbots are one technique that provides interactive communication services for websites or
applications. Chatbots are seeing an increased usage, including government websites, business
websites, and healthcare apps. The role of chatbots is usually providing assistance of using the
websites and/or directly answering users’ questions related to information searching and
acquisition. The application of eye-tracking based research has shown power in the field of human-
computer interaction research. This dissertation uses eye-tracking approaches and other research

method like surveys to evaluate the usability of electronic patient portals and to identify ways to



better support shared decision making through the use of patient portals. Specifically, this research
applies eye-tracking methods to understand the effect of changing the information presentation
method in patient portals and chatbot communication on the efficiency of information
communication and perceived usability, especially for individuals who have various experiences in
using patient portals. The willingness of EHR portal users to be engaged in SDM is also examined.

A proof of concept eye-tracking study is presented in Chapter 5.

LITERATURE REVIEW

Electronic health records and patient portals

The development of modern information technology is providing promising opportunities
for improving healthcare efficiency and quality by using electronic health record (EHR) systems
(Chaudhry et al., 2006). Along with the popularity of EHR systems in the healthcare services
(Latha, Murthy, & Sunitha, 2012; Linder, Ma, Bates, Middleton, & Stafford, 2007), currently more
and more healthcare providers give their patients the option to check their electronic health record
online by using some web-based tools like the electronic patient portal (Ancker et al., 2011;
Earnest, Ross, Wittevrongel, Moore, & Lin, 2004; Sands, Halamka, & Pellaton, 2001). Studies
have shown the effectiveness of those patient portals in promoting provider-patient communication
(Goldzweig et al., 2013b; Zickmund et al., 2008). Also, healthcare providers have demonstrated
positive attitudes about the impact of patient portals, especially on the patient-provider
communication process (Kittler et al., 2004). Enabling patients to access their electronic health
records using the patient portal is also believed to be a promising way to improve the active
engagement of patients in their own healthcare and health management (Ancker et al., 2011;

Irizarry et al., 2015). Specifically, patient portals have been shown to significantly benefit patients



with chronic diseases by facilitating patients in monitoring and understanding their health
conditions and increasing their ability to self-manage chronic diseases (Kruse, Argueta, Lopez, &
Nair, 2015). This may be related to the fact that patients with chronic diseases may benefit from the
continual use of information sources in the management of chronic conditions more than patients
with non-chronic diseases. For example, a web-based patient portal for diabetes patients has been
reported to be successfully developed, which enables the direct access of the patient with their
electronic health record and has good medical outcomes (Schnipper et al., 2008). Research also
reveals the positive attitude on patient portals from patient’s family with chronic diseases such as
children with cystic fibrosis (CF), diabetes mellitus (DM), and juvenile idiopathic arthritis (JIA)

(Byczkowski, Munafo, & Britto, 2014).

Aside from the concerns of increasing cost and added workload for providers (Emont,
2011), the design and usability problems of the patient portal also remains an issue (Ancker et al.,
2011; Greenhalgh, Hinder, Stramer, Bratan, & Russell, 2010; Koivunen, VAim&ki, Pitk&en, &
Kuosmanen, 2007; L. S. Liu, Shih, & Hayes, 2011). Although the patient portals may be carefully
and professionally designed, it is hard to conclude that the design can be easily adopted by the
patients (Greenhalgh et al., 2010; L. S. Liu et al., 2011; Middleton et al., 2013). One case study in
the UK shows that patients have negative opinions on the usefulness of a nationwide EHR system,
and patients perceived the system as “not easy to use” with fewer than 100 out of 30,000 patients

reported having an interest in using the email-style messaging (Greenhalgh et al., 2010).

Some usability issues may exist in practical daily use of the patient portals. These kinds of
problems may include the following problems: the confusion of the display layout design, the

hardness and barriers of key information searching (Haggstrom et al., 2011), the efficiency of the



learning process of using patient portals for a novice user, and the accuracy of the perceived

information.

Inflammatory Bowel Disease (IBD) treatment options and decision making

Crohn’s disease and ulcerative colitis are collectively referred to as inflammatory bowel
diseases (IBD) (Sartor, 2006; Hugot et al., 2001). IBD is a chronic condition that affects the
intestines, colon, and bowel (Best, Becktel, Singleton, & Kern, 1976), and is a complex and
incurable disease (Boyapati, Satsangi, & Ho, 2015) that can result in long term disability or
mortality (Kaplan, 2015). The highest incidence of Crohn's disease occurs in younger adults
(Kaplan, 2015; Loftus, 2004), and is estimated to be about one out of one thousand in western
countries (Calkins & Mendeloff, 1986; Hugot et al., 2001). Some treatment methods like surgical
interventions or medications (e.g., Budesonide or sulfasalazine) can be effective for managing
active Crohn’s disease, but do not cure Crohn’s disease and often have side effects of their own

(Travis et al., 2006).

It has been hypothesized that IBD is an interaction of environmental triggers, genetic
susceptibility, luminal microbial antigens and adjuvants, and immune response (Sartor, 2006).
Sartor (2006) also argued that “IBD results from the failure to appropriately downregulate
nonspecific inflammation initiated by an environmental trigger”. Patients with IBD may suffer
from other diseases that are closely related to IBD. Studies have shown that Crohn’s disease has a
close relationship with cancer (Gyde et al., 1980; Lakatos & Lakatos, 2008; Rhodes & Campbell,
2002; Weedon, Shorter, llstrup, Huizenga, & Taylor, 1973). Individuals with Crohn’s disease are

twenty times higher than the regular population to have colorectal cancer (Weedon et al., 1973).



Generally, most studies related to IBD focus more on its pathology and medical impact.
Although there are studies that focus on the diagnosis of IBD (e.g., the widely used Crohn's disease
activity index - CDAI (Best et al., 1976)), predictors of the disabling process (Morrison, Haas,
Shaffner, Garrett, & Fackler, 2003) and pathogenesis such as gene associated with Crohn's disease
(Hugot et al., 2001; Ogura et al., 2001) and ulcerative colitis (Sartor, 2006; Stoll et al., 2004), few
studies have examined what factors may influence patients with IBD to use the internet to search
for healthcare-related information. Yet, the management of IBD depends on self-management of
the disease and a level of health literacy. This dissertation will examine how patient portals could

support shared decisions making for individuals with IBD.

Eye tracking technique for usability problems

The usability of patient portals has been identified as a critical issue. If research approaches
like interviews, think-aloud sessions and focus groups are solely applied, it may not completely
reveal the usability issues of this problem (Morgan, 1993). For example, interviews may yield
subjective results according to different participants, and think-aloud sessions may have an
influence on the information processing process during the experiment (Susac, Bubic, Kaponja,
Planinic, & Palmovic, 2014). The application of eye tracking based research has shown its power
in the field of human factors research (Duchowski, 2002; Ehmke & Wilson, 2007; Hwang & Lee,
2018) and has been used in studies related to online searches (Lorigo et al., 2008). Eye tracking
technology records the eye movements when the participant looks at certain content (Bojko &
Stephenson, 2005; Ehmke & Wilson, 2007). According to Ehmke & Wilson (2007), sample metrics
of eye tracking data include: fixation, where the participant’s eye stare at the same position of the
screen and a saccade or scan path, when the participants move eyes from one position to another

position. For example, fixation duration is used to evaluate the cognitive effort in the information



searching and processing process, as well as the engagement of users (Sargezeh, Tavakoli, &
Daliri, 2019; Tullis & Albert, 2013). The fixations in an Area of Interest (AOI) are widely used in
eye tracking studies to examine users' visual attention and information processing in a specific area

of the visual stimulus (Orquin, Ashby, & Clarke, 2016; Salminen et al., 2018).

Decision aids

Decision aids have been developed to support patients in making decisions to balance the
benefits and risks of medical options to best serve their personal goals and preference (O’Connor et
al., 2009) and are an important aspect of SDM. Decision aids have high flexibility in that they can
be easily accessed by patients through portals by using their mobile devices or laptops (Légaré&
Witteman, 2013). Thus, patients could benefit from SDM in a more straightforward and convenient
way by using decision aids through platforms like patient portals. However, as communication
technology is dynamically changing, similar to other information technology and health
information technology systems (Gustafson et al., 1999), the best strategy to overcome the barriers

to using electric decision aids remains unclear.

Decision aids have been used online in assisting patients who have diseases like
osteoarthritis of the knee to make decisions (Elwyn et al., 2010). Guidelines for the design of
decision aids tools have been provided in the literature (Oshima Lee & Emanuel, 2013; Sepucha et
al., 2018). For example, it has been suggested that decision aids need to be written at an eighth-
grade reading level and should be brief (Oshima Lee & Emanuel, 2013). Sepucha et al. (2018) also
provided a checklist on reporting decision aids evaluation studies (see Sepucha et al., 2018).
However, there is no evidence that more expensive decision aids tools (e.g., video presentations)
yield better results of SDM than simple and less expensive tools (e.g., a decision aid board) (Frosch

& Kaplan, 1999). A decision aids board is a poster or whiteboard that displays clinical information



like treatment options, long-term treatment effects and treatment benefits and risks (Whelan et al.,

2004) for use during a consultation or appointment.

Chatbots

Acrtificial intelligence (Al) based chatbots are machine agents that can interact with people
in their natural language to satisfy users’ information and communication needs (Brandtzaeg &
Fdstad, 2017) and have simulated conversations with the users through the internet (Adamopoulou
& Moussiades, 2020). The first chatbot was called Eliza and was developed in 1966 (Weizenbaum,
1966). There are many different chatbots and chatbot platforms that exist today (e.g., Microsoft’s
Xiaolce (Shum, He, & Li, 2018), Symptoma (Martin et al., 2020)). Many large companies, such as
Google, Facebook, Amazon, and Apple, have utilized chatbots in their online services to support
interacting with large numbers of users (Brandtzaeg & Fdstad, 2017; Caldarini, Jaf, & McGarry,
2022). It has been suggested that the use of chatbots can improve customer satisfaction, trust and
loyalty to business companies (Jenneboer, Herrando, & Constantinides, 2022). Additionally,
research suggests chatbots may be appropriate for use in education organizations such as in higher
education and is perceived as highly useful for information acquisition by college students (Meyer
von Wolff, N&temann, Hobert, & Schumann, 2019). Using chatbots for studying and test
preparation was also valued by college students, and it was suggested that these tools might

improve engagement in studying (Pereira, 2016).

Chatbots are expected to communicate with users as if the chatbot was another person that
was helping to assist with information seeking and problem-solving (Adam, Wessel, & Benlian,
2021). Brandtzaeg & Fdstad (2017) suggested that chatbot users intended to use chatbots for

multiple reasons, such as the potential to improve their productivity (68% of participants), obtain



quick and convenient answers to their questions (42%), and assistance in information seeking
(41%). Another study suggested that most participants expressed their interest in using chatbots for
minor health issues due to the convenience of using chatbots, although some participants reported
concerns about the information quality, technology, and information security (Nadarzynski, Miles,
Cowie, & Ridge, 2019). The use of chatbots in healthcare has been increasing due to the increasing
demand for convenient conversational service at all hours (Jovanovi¢, Baez, & Casati, 2020) in
varies aspects of healthcare domain (e.g., medical consultation and self-diagnosis, (Fan et al.,
2021), adolescent health education (Rahman et al., 2021), mental health evaluation (Deshpande &
Warren, 2021; Potts et al., 2021), and COVID-19 screening (Martin et al., 2020; Srivastava,
2021)). For example, in a study of healthcare providers, the majority of participants reported
positive attitudes related to the usefulness of chatbots to assist mental healthcare and assist self-
management for their patients (Sweeney et al., 2021). During the COVID-19 pandemic, the US
Centers for Disease Control and Prevention (CDC) developed chatbots to assist users in self-
evaluating their COVID-19 conditions and made suggestions on whether or not an individual
needed to seek medical assistance (Miner, Laranjo, & Kocaballi, 2020). Chatbots have been used in
studies with both patients and healthcare providers (Dolianiti et al., 2020; Potts et al., 2021). For
example, a conversational chatbot that acted as a virtual patient was developed for training medical

students in making medical decisions related to specific diseases (Dolianiti et al., 2020).

The development of Al and machine learning has enhanced the ability of chatbots to
provide accurate responses as Al systems learn via engagement with users (Ayanouz, Abdelhakim,
& Benhmed, 2020; Schmidlen, Schwartz, DiLoreto, Kirchner, & Sturm, 2019). However, in
another study, physicians reported concerns about using chatbots in patient care because chatbots

are not able to completely account for all patients’ needs and human emotions, as well as risks
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triggered by frequent self-diagnosis and misinterpretation of the diagnosis results (Palanica,
Flaschner, Thommandram, Li, & Fossat, 2019). Another study asked the participants to take action
to medical problems after consulting and interacting with three currently being used chatbots (Siri,
Alexa, and Google Assistant), and the study found that 29% of the users’ actions to the medical
problems (after taking responses from the chatbots) might lead to patient harm and some (16%)
might be lethal (Bickmore et al., 2018). In a mixed-methods study using questionnaires and a semi-
structured interview (A. C. Griffin et al., 2021), participants’ (individuals who reported having
hypotension) interests in using a chatbot also varied. Most participants in that study were interested
in using chatbots in managing their health conditions and would like to have chatbots installed in
patient portals, although some participants also had some concerns such as excessive information,
data security, and privacy issues (A. C. Griffin et al., 2021). Schmidlen et al. (2019) showed that
participants reported that their chatbot security concerns could be reduced if the chatbot was
integrated within patient portals. Chen & Decary (2019) developed a chatbot that can be integrated
within patient portals and communicate with patients in both voice and text format. The integration
of chatbots within patient portals is believed to be an important feature in future patient portal

designs (Chen & Decary, 2019).

Shared Decision Making

Shared Decision Making (SDM) is believed to be a replacement of the concept of the
“doctor knows best” approach (Coulter, 1997) and is considered to be “the pinnacle of patient-
centered care” (Barry & Edgman-Levitan, 2012). SDM has multiple synonymous names and
definitions, such as informed shared decision making and informed decision making (Charles,

Gafni, & Whelan, 1997). One definition is that: SDM is “an approach where clinicians and patients

11



share the best available evidence when faced with the task of making decisions, and where patients

are supported to consider options, to achieve informed preferences” (Elwyn et al., 2010).

Elwyn et al. (2012) provided a model (see Figure 1 below) of SDM which has three major
steps: 1) choice talk, when the physicians inform the patients of the available medical choice, 2)
option talk, when the physicians and patients talked about the detailed information of the treatment
options and 3) decision talk, when the physicians and patients jointly choose the best option to the
patients according to the preference of the patients and to meet the patients’ values (Elwyn et al.,
2012). However, prior to, or in conjunction with, any discussions, the patient needs to have a
reasonable health literacy about their condition and be aware of the implications of treatment for an

effective discussion.

DELIBERATION

Initial

Preferences = Rafhemcd

Preferences

Choice Option Decision —» Decision
Talk Talk Talk

Figure 1 Elwyn et al.’s (2012) model of Shared Decision Making

In many cases, multiple treatment options may be suitable for the patients with no single
option clearly more appropriate than the others (Barry & Edgman-Levitan, 2012; Frosch & Kaplan,
1999). For example, this kind of situation can occur with medical uncertainty or when treatment is
in the early progression of the disease. These situations can include decisions about early treatment
options of breast cancer (Barry & Edgman-Levitan, 2012) and prostate cancer (Barry & Edgman-

Levitan, 2012; Elwyn et al., 2010). SDM works well in helping the patients and physicians to
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jointly select the optimal treatment in the best interest of the patients, according to their various
individual values and preferences (Elwyn et al., 2010; Frosch & Kaplan, 1999; Oshima Lee &

Emanuel, 2013).

SDM helps to introduce the active engagement of patients in the process of their own health
care rather than passively accept the treatment decision made by their physicians (Elwyn et al.,
2010; O’Connor et al., 2009) and remain unknowledgeable about their health problems and
treatment options (Barry & Edgman-Levitan, 2012). The promotion and development of SDM are
expected to improve the quality of health care and increase patients’ satisfaction while potentially
decreasing the cost of health care (Légaré& Witteman, 2013; Oshima Lee & Emanuel, 2013).
SDM can enable patients to choose appropriate treatment options according to their values
regarding avoiding the unnecessary cost of alternative treatment, and it works especially well for

decisions dramatically dependent on patient values (Sheridan, Harris, Woolf, & Force, 2004).

Research suggests that, through SDM, patients are able to make more informed choice and
have better understanding of the benefits and risks of their medical choice compared to patients
with usual care (Man-Son-Hing et al., 1999; O’Connor et al., 2009). Patients received good quality
of SDM process are more likely to have correct expectation of the potential risks associated with

their diseases than patients treated in traditional medical routine (Man-Son-Hing et al., 1999).

Although SDM is expected to be an effective strategy to improve the quality of health care
(Elwyn et al., 2012; Oshima Lee & Emanuel, 2013), the implementation of SDM in medical
practice are not always smooth. In one study that involved 3552 medical decision, only 9% of the
decisions made were determined to be completely informed decision making while the assessment
rate of patient understanding of the medical problem was only 1.5% (Braddock, Edwards,

Hasenberg, Laidley, & Levinson, 1999). Time constraints are considered as a key barrier in
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implementing SDM (L&aré& Witteman, 2013). However, time constraints are believed to be the
same as the implementation of other clinical changes (Lé&garé& Witteman, 2013), which may be
relevant to factors like staff training and new technique adaptations. A study suggests that the
duration of a consultation with a physician increases by 2.6 minutes when applying decision aids in
medical consultation, and the cost are generally lower than regular health care (O’Connor et al.,

2009).

Although new techniques and theories are intended to improve patient satisfaction and
safety, there are factors that influence an individual’s ability or willingness to adapt to SDM
approaches. For example, study suggested younger and highly educated patients may be more
adaptable to SDM (Frosch & Kaplan, 1999), while older individuals and individuals with lower
education levels may be less willing to engage in SDM (Kiesler & Auerbach, 2006; Léjaré&
Witteman, 2013). There is a call to develop better SDM strategies that may improve healthcare
access, quality, and satisfaction for those who currently have barriers to engage in SDM and those
who are believed to potentially benefit more from SDM (Lé&aré& Witteman, 2013). However, not
all patients express their willingness to be engaged in the decision-making process (Levinson, Kao,
Kuby, & Thisted, 2005). The individual preference of participating in the medical decision-making
process varies (Levinson et al., 2005). Another study suggests that around half of the patients
prefer to let their physicians to make the final decision, with 44% of them preferring to ask their
physicians questions rather than trying to identify and address the problems themselves (Levinson
et al., 2005). Therefore, one of the primary purposes of this dissertation is to figure out a possible
strategy to increase the patients’ willingness to participate in SDM and thus promote the usage of

SDM.
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RESEARCH AIMS AND APPROACH METHOD

The objective of this dissertation is to explore the impact of design features of electronic
health records patient portals on the usability and information communication for shared decision
making of IBD patients, to evaluate suitable strategies to provide information on patient portals
with the objective of supporting the factors that can facilitate better SDM. The first initial step of
this dissertation is to understand how individuals with IBD use the internet for health information
seeking, then identify the potential barriers and expected functions when using patient portals and
factors that may impact the decision-making process of patients. Then, identify suitable decision
aids for patient portals that could be used in clinical practice. Finally, this dissertation will evaluate
strategies that could improve the design of patient portals to supply information to fulfill the
requirement of information communication of SDM in a longer-term usage. The following research
questions will be addressed:

Research Questions:

1. How do patients with IBD use the internet for health information seeking behaviors?

2. What factors impact the users' perceived value of EHR portals?

3. How do portal users report using their portals and what are the factors associated with
obtaining health information from the internet?

4. What format of information provided (e.qg., textual, video, audio) through patient portals
can best support the knowledge acquisition of shared decision making? What kind of information

resource could improve patients' trust in the information provided?
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SUMMARY

By addressing the above research questions, a more comprehensive understanding of how
patient portals users can benefit from the design of patient portals are expected to be generated. The
results are expected to provide guidelines of usable, effective, and efficient design of future patient
portals. The results of this dissertation are expected to add value to the literature of understanding
the information seeking behaviors of IBD patients and the use of EHR portals, guiding the design
considerations of how to make a suitable EHR portal to support the information seeking needs of
specific (e.g., IBD and other chronic diseases) patients. The results of this dissertation could be
used to guide building proper patient education materials to support their health information needs
of their specific health condition, especially for individuals with chronic diseases like IBDs that
require a certain amount of self-management. Meanwhile, examining artificial intelligence (Al)
based chatbots use in EHR portals may contribute to revealing a potential path of Al use in
healthcare, such as information acquisition and patient education, to save the efforts of health
providers to repeatedly answer the same questions and provide 24/7 readily available health
information source for patients to access, and thus assist provider-patient communication.
Designing good usable EHR may also facilitate the process of informing patients the trade-offs of
treatment plans of their disease, which may help patients to be easier to be “fully informed” and

therefore may increase their willingness to participate in SDM.
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CHAPTER TWO

ONLINE HEALTH RESOURCE USE BY INDIVIDUALS WITH INFLAMMATORY BOWEL
DISEASE: ANALYSIS USING THE NATIONAL HEALTH INTERVIEW SURVEY

INTRODUCTION

The purpose of this study presented within this chapter is to examine how individuals with
inflammatory bowel disease (IBD) use the internet for health information seeking. IBDs are the
target diseases examined in Chapter 5 of this dissertation. In Chapter 5, | present an eye-tracking
study examining how individuals use patient portals to acquire information related to knowledge of
IBD. The research questions to be answered in this chapter are: 1) How do individuals with IBD
use the internet to search for health information? 2) What factors impact their use of the internet to
acquire health information? 3) how do they use the internet for health-related tasks? The work
presented in this chapter was published in the Journal of Medical Internet Research (Yin & Neyens,

2020).

Background

The internet is seen as a reliable alternative source of health information (Mayer et al.,
2007; Medlock et al., 2015), and people seek health information online to gain additional
information about health conditions or procedures (Sillence, Briggs, Harris, & Fishwick, 2007), as
well as to discuss their specific condition and health status through online discussion groups (Xiao,
Sharman, Rao, & Upadhyaya, 2014). The internet may provide a convenient method for patients to
obtain health information regardless of geographical restrictions (Bessell, Anderson, Silagy,
Sansom, & Hiller, 2003; Brochu et al., 2019; Manierre, 2015) or access to care providers. Past

research (Baker et al., 2003; Cassell et al., 1998; Claridy et al., 2018; Grady & Gough, 2014;
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Kreps, 2017) has found that using the internet to search health information leads to better health
outcomes, and the internet is believed to be a good source of health information to support
developing health knowledge, ongoing long-term self-management of care, and monitoring the
condition of patients. Research (Morahan-Martin, 2004) has found that most people use the internet

to acquire specific information regarding their own health status or that of their family or friends.

Individuals with chronic diseases are a unique user population in terms of their potential use
of online health information in self-management of their health. The prevalence of chronic diseases
is high in the United States; Ward et al. (2014) reported that nearly 50% of adults have one chronic
disease, and 25% have multiple conditions. Past research suggests that searching health
information online may be a common behavior for people with chronic health conditions (Weaver
[l et al., 2010) and that online information seekers’ health literacy and engagement may correlate
with their ability to manage their chronic health conditions (K. Lee, Hoti, Hughes, & Emmerton,
2014). It has been shown that individuals with chronic diseases are more willing to search health
information on the internet than those without such conditions (Bundorf, Wagner, Singer, & Baker,
2006). In addition, patients who have chronic diseases but who do not have health insurance are
more willing to search for health information on the internet than individuals with insurance
(Bundorf et al., 2006), supporting results from other studies (S.-Y. Park & Go, 2016; Sillence et al.,
2007) that suggest that the involvement and motivation of users impact their engagement in online
health information searching, with highly motivated users, such as those with chronic diseases,
applying more effort in the information searching task. Additionally, there are multiple factors,
including a person’s gender, age, and socioeconomic status that influence an individuals’ online

information searching behavior and internet usage (Andreassen et al., 2007; Beck et al., 2014;
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Chou, Hunt, Beckjord, Moser, & Hesse, 2009; Mayer et al., 2007; Neter & Brainin, 2012; Renahy,

Parizot, & Chauvin, 2008; Weaver Il et al., 2010).

To ensure the effectiveness of the internet related to health information, the US Department
of Health and Human Services (U.S. Department of Health and Human Services, 2010) has
provided design guidelines to improve the user experience of individuals with various levels of
health literacy, paying special attention to people with limited abilities. Not only are those with low
health literacy less likely to use the internet for information searching and emailing (Jensen, King,
Davis, & Guntzviller, 2010), they are also more likely to forget information and experience
working memory overload when interacting with websites (U.S. Department of Health and Human
Services, 2010) compared to internet users with higher health literacy. These users have been found
to spend 9 times longer conducting information searching tasks than higher literacy users, and they
tend to read word by word rather than glancing at the entire page for the more relevant information
(Kodagoda & Wong, 2008). In addition, there are other barriers for all online health information
seekers including limited accessibility to the content published in research journals, the complexity
of the clinical language used, and the inability to evaluate the reliability of health information
websites (K. Lee et al., 2014). Lee et al (K. Lee et al., 2014) argue that these barriers could be
reduced by increasing the involvement of health professions in guiding the health information

seeking process and improving general health literacy.

Crohn Disease and Ulcerative Colitis

Crohn disease and ulcerative colitis are collectively referred to as inflammatory bowel
disease (IBD) (Hugot et al., 2001; Sartor, 2006), a chronic condition that affects the intestines,
colon, and bowel (Best et al., 1976). It is a complex, incurable disease (Boyapati et al., 2015) that

can result in long-term disability or mortality (Kaplan, 2015), and its highest incidence occurs in
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younger adults (Kaplan, 2015; Loftus, 2004). A recent study (Ng et al., 2017) suggested that the
incidence of IBD has seen a dramatic increase to over 0.3% in North America and many European

countries, and the incidence of IBD is expected to continuously increase (Kaplan, 2015).

Generally, the majority of studies related to IBD focus on its pathology and medical
treatment. Although some studies have focused on the diagnosis of IBD (Best et al., 1976),
predictors of its disabling consequences (Colombel, 2013), its pathogenesis (Hugot et al., 2001;
Ogura et al., 2001; Sartor, 2006; Stoll et al., 2004), and the dietary habits of those with IBD (de
Vries, Dijkhuizen, Tap, & Witteman, 2019; Vagianos et al., 2016), few have examined which
factors may influence individuals with IBD to search the internet for health care—related
information. Yet, the management of IBD depends on self-management of the disease and a level
of health literacy. It has been found that many health websites did not provide appropriate coverage
of prognoses, side effects, and additional health risks associated with IBD but did cover symptoms,
complications, and treatment options (Promislow et al., 2010). Additionally, it was reported that
information related to self-management of IBD was not widely included in health websites
(Promislow et al., 2010), and thus the use of online search behavior associated with IBD is an

important area of research.

Research Objectives

The overall objective of this chapter was to investigate the factors that influence the use of
the internet to acquire health information for individuals with IBD. | examined two types of
internet-related activities: searching the internet for health information and using the internet for
health-related tasks such as scheduling appointments with health care providers and

communicating with a health care provider by email. | evaluated a number of potential factors that
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might impact how an individual with IBD uses the internet for health information. Previous
research has shown that a number of factors impact internet usage for health information in general
populations including: gender (Baumann, Czerwinski, & Reifegerste, 2017; Brochu et al., 2019;
Manierre, 2015; Newhouse, Lupi&®ez-Villanueva, Codagnone, & Atherton, 2015), age (Baumann
etal., 2017; Newhouse et al., 2015), level of education (Ryan & Lewis, 2017), health literacy
(Jensen et al., 2010), health insurance coverage (Bundorf et al., 2006), and level of income

(Andreassen et al., 2007; Beck et al., 2014).

METHODS

Data Source: National Health Interview Survey

The National Health Interview Survey (NHIS), which is conducted by the National Center
for Health Statistics, covers broad health topics (“National Health Interview Survey Brochure,”
2011). (CDC/National Center for Health Statistics, 2017) The data that are collected are weighted to
represent the general population of the United States. The topics and the questions in the survey
have evolved over time, and thus, the type of data collected each year varies. The 2016 NHIS
(“National Health Interview Survey Brochure,” 2011) included questions asking respondents to
self-identify as having IBD (Crohn's disease and ulcerative colitis). For this study, several variables
in the original data were recoded and combined to form categories to support the analysis and
interpretation of the results of the statistical models. The original variable names in the NHIS data

files are included in parentheses to facilitate an understanding of how I coded and used the data.
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Dependent Variables

This chapter focused on the behaviors and experiences, during the year preceding the
interview, of adult individuals who reported having IBD (ULCCOLEYV). The dependent variables
in this study were related to internet usage: (1) individuals searching for health information on the
internet (HIT1A), (2) individuals using the internet to schedule appointments with health care
providers (HIT3A), and (3) individuals using the internet to communicate with health care
providers via email (HIT4A). All dependent variables were recoded as binary variables (1, they

reported that they had done the activity in the previous 12 months; 0; they had not).

Independent Variables

Demographic variables such as sex (SEX) and age (AGE_P) were used in the analysis. The
age variable was recoded into 3 groups: younger adults (18-35 years old), middle-age adults (36-55
years old), and older adults (older than 55). | recoded marriage status (R_MARITL) as a binary
variable (1, married; 0, not married) where not married included never married, divorced,
widowed, separated, as well as preferred not to answer and nonresponses. Parental status
(PAR_STAT) of participants was recoded as being a parent of a child or not a parent of a child.

Work status (DOINGLWA) of participants was recoded as employed or not employed.

It is possible that individuals with multiple chronic conditions may use the internet
differently than those with a single chronic condition because of the complexity of managing
multiple conditions. It is possible that they may receive conflicting medical advice for diverse
chronic conditions (Benjamin, 2010; Wolff, Starfield, & Anderson, 2002). Therefore, 7 other

chronic conditions were also included in the analysis as binary variables: hypertension (HYPEV),
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high cholesterol (CHLEV), coronary heart disease (CHDEV), asthma (AASMEYV), cancer

(CANEV), diabetes (DIVEV1) and chronic/long-term liver conditions (LIVEV).

Other variables that may impact an individual’s online information searching behaviors
were also included in the analysis such as socioeconomic considerations, the level of satisfaction
with health care services, and internet usage frequency. Whether the respondent reported having
trouble finding a care provider in the previous 12 months (APRVTRYR) was recoded as reported
trouble in finding a care provider and reported no trouble in finding a care provider. The
respondents who reported being worried about paying medical bills (AWORPAY) were recoded as
worried and not worried, with the former category including those who were very worried and
those who were somewhat worried. A new variable was created to indicate whether participants
were self-regulating care in a number of possible ways. This self-regulating care included whether
the respondents