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ABSTRACT
Background: The number of cancer survivors over the age of 65 will exceed 11 million within
the next year. Most of these survivors will require treatment, many over extended periods of
time. With the shift to outpatient episodic cancer care, the increasing complexity of cancer
treatment, and short provider-patient visits, the cancer survivor is expected to take an active role
in managing their health. Health technology engagement, including mobile health (mHealth)
applications may improve health self-management and improve health communication skills
(communicative health literacy). Methods: This descriptive correlational study explored the
impact of mobile health (mHealth) application use on health technology engagement and
communicative health literacy in patients with Myelodysplastic Syndromes (MDS) as a model
for mHealth use in older adult cancer survivors. Systematic review of extant literature provided
the foundation for derivation of a proposed theoretical framework. Development of a virtual
research platform using MDS Manager© as a prototype mHealth application preceded the study.
Sixty-five MDS patients were recruited through the MDS Foundation, an International advocacy
organization focused on support for patients and caregivers living with MDS. Survey Monkey
surveys were completed online at baseline by all participants. Results: The median age of
participants was 79 years (range 57-91). Although generalizability of the findings is limited by
the small sample (n=65) of highly educated, more affluent MDS patients, a strong association
between existing use of mHealth and the probability of continued use was noted (p<0.05).
Additionally, the intention to continue engagement with mHealth applications was significantly
higher among MDS Manager© users (p< .05). Most patients in this study felt empowered,
engaged, and were generally proactive about their health implying improved communicative
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health literacy. There was no association between baseline mHealth use and communicative
health literacy. Conclusion: This study supports the use of mHealth by older adult cancer
survivors. However, research relative to mHealth use in older adult cancer survivors to improve
communicative health literacy and health self-management is in its nascent phase and will
require continued study.

11
CHAPTER I: INTRODUCTION
This dissertation is formatted using the manuscript option. Theoretical foundations,
methodology, and selected results for the study entitled: Mobile Health, Technology
Engagement and Communicative Health Literacy in Older adult Cancer Survivors will be
described. Additional results are presented in three manuscripts that follow: 1) Paper One,
Kurtin, Badger, Reed & Shea (2019). Health Technology Interventions in Older Adult Cancer
Survivors: A Theoretical Framework, 2) Paper Two, Kurtin, Badger, Reed, Shea & Carrington
(2019). Developing a Virtual Nursing Research Platform Using Mobile Health Technology:
Methodological Considerations, and 3) Paper Three, Kurtin, et. al. (2019). Health Technology
Engagement and Communicative Health Literacy Among Patients Living with Myelodysplastic
Syndromes.
Background and Significance
Cancer survivors, currently 14.5 million people in the United States, are expected to be
actively engage in health self-management, increasingly using online (eHealth) or mobile health
(mHealth) applications (Boger et al., 2015; Kuijpers et al., 2015; Ruland et al., 2013; Siegel,
Miller, & Jemal, 2017). The number of cancer survivors over the age of 65 are predicted to
increase by 42%, from about eight million in 2010 to more than 11 million by the year 2020
(Siegel et al., 2017). Most cancer survivors will receive treatment for their disease, in many cases
over extended periods of time. Health self-management and engagement in decision making may
increase options for treatment, effective management of symptoms, extend survival and improve
quality of life, even in the older adult cancer survivor (Watson, 2015). The ability to engage in
shared decision making requires communicative health literacy (McCormack, Thomas, Lewis, &
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Rudd, 2016). Communicative health literacy is pre-requisite to health self-management (Altin &
Stock, 2016; Heijmans, Waverijn, Rademakers, van der Vaart, & Rijken, 2015; van der Heide,
Uiters, Jantine Schuit, Rademakers, & Fransen, 2015). Therefore, older adult cancer survivors
may benefit from interventions aimed at improving health technology engagement,
communicative health literacy and health-self management.
Health technology, including mobile health applications (mHealth apps), offer expanded
capabilities for engaging health consumers in health self-management (Hamine, Gerth-Guyette,
Faulx, Green, & Ginsburg, 2015). The perception of ease of use (performance expectancy) and
how useful technology may be (performance expectancy) play a significant role in technology
engagement. Although engaging in health self-management is expected, there is a paucity of
peer-reviewed published work specific to self-management for cancer survivors (Risendal et al.,
2014). There are several contemporary trends that have placed an even greater emphasis on selfmanagement in the older adult cancer survivor including value-based payment models,
regulatory expectations, accreditation requirements, and improved survival with enhanced
symptom self-management (Gao & Yuan, 2011; Reid Ponte et al., 2016). Yet, despite the robust
pace of mHealth development, empirical data specific to mHealth use in cancer survivors,
particularly in the older adult, is limited (Bender, Yue, To, Deacken, & Jadad, 2013).
Cancer in the older adult will remain a predominant health care concern and strategies for
health self-management in this population, including mHealth technology and communicative
health literacy, require disciplined and systematic review to guide ongoing research and
development. Findings from this research will fill a critical gap in our knowledge about the use
of health technology by older adults, specifically mHealth technology, and the potential benefits
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of mHealth use in improving health technology engagement and communicative health literacy.
Additionally, this work will lay a critical foundation for exploring health technology engagement
and communicative health literacy as pre-requisites to health self-management in older adult
cancer survivors.
Myelodysplastic Syndromes: A Model for mHealth Use in Older Adult Cancer Survivors
Myelodysplastic syndromes represent a heterogeneous group of myeloid malignancies
characterized by variable prognosis, disease trajectory, and options for treatment (Steensma,
2015). The average age at diagnosis is 73 (Cogle, 2015). Co-morbidities are common in patients
with MDS and have prognostic and clinical significance (Kurtin, 2016b; Naqvi et al., 2011).
Current estimates of the prevalence of MDS indicate 15,000 to 20,000 new cases per year in the
United States. Experts in this field suggest these numbers are under reported due to the
complexity of the disease, incomplete diagnostics, and a failure to pursue cases of unexplained
anemia in older adults (Cogle, 2015). There is currently no cure for MDS in the absence of an
allogenic hematopoietic stem cell transplant, an option for only a small fraction of those inflicted
by the disease due primarily to the older age of patients at diagnosis with associated
comorbidities and frailty (Klepin, 2016). Although supportive care may offer temporary
improvement in symptoms, life expectancy without disease modifying therapies (DMT) in higher
risk patients is less than one year. There are currently only three Food and Drug Administration
(FDA) approved DMT for the treatment of MDS, the last of these was approved more than 12
years ago (List et al., 2005). Therefore, MDS is considered a rare disease, most common in older
adults, for whom the disease is incurable.
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All currently available DMT for MDS were derived from clinical trials, and several new
investigational molecules hold promise. Unfortunately, clinical trials enrollment in the United
States for cancer patients is approximately 4% of the total cancer patient population. When
considering the older adult and rare diseases such as MDS, this number is estimated to drop
below 2.5% (Denson & Mahipal, 2014). A number of barriers and/or gaps have been identified
when considering clinical trial enrollment and use of DMT therapies for the older adult
including: 1) lack of awareness by patients and providers including availability, and eligibility or
exclusion criteria, 2) timing of the clinical trials in the sequencing of treatment, 3) identifying
locations for trials open to enrollment, 4) ageism on the part of providers, and 5) logistics of
trials participation (Denson & Mahipal, 2014; Foster & Fenlon, 2011; Kurtin, 2017).
Unfortunately, premature discontinuation of DMT remains a significant problem,
essentially exposing patients to drug toxicity without the full potential for benefit (Fenaux et al.,
2010 (Fenaux et al., 2010; Kurtin, Ridgeway, & Tinsley, 2017; A. F. List et al., 2015; Seymour
et al., 2010). Patients who receive DMT and who remain on treatment long enough to evaluate
their response, may extend their survival to more than 2½ years (Nazha et al., 2016), and in some
cases more than 10 years (Kurtin et al., 2017). Despite numerous publications and health care
provider educational strategies, patients with MDS continue to receive suboptimal duration of
DMT (Weiss, Gary, Swern, Freeman, & Sugrue, 2015). Ageism remains a barrier to cancer
treatment in this population and may limit resources or therapeutic options recommended to
younger cancer survivors (Klepin, 2016).
Most care for the MDS patient is provided in the outpatient setting, is episodic, and relies
heavily on the ability of the patient and their caregivers to manage their care, report symptoms,
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and seek information to assist them in performing these tasks (Kurtin et al., 2012). Therefore, it
is imperative that we empower patients and caregivers to self-advocate. Providing tools and
strategies to enhance self-management, including engagement in health technology, may
improve access to care, including clinical trials, reduce the severity of adverse events, and
ultimately improve health related quality of life and survival in MDS patients. mHealth
applications offer a tool for organizing health information in a way that can be easily retrieved
for discussion with health care providers, family and friends and allow for untethered access to
resources that promote health self-management.
Review of the Literature
Review of the literature relative to mHealth applications and their use by older adult
cancer survivors will inform mobile health technology development, interventions aimed at
fostering health self-management in the older adult cancer survivor, and research initiatives
needed to develop and validate theoretically derived models to guide future research. Results of a
systematic review of the literature relevant to mHealth, communicative health literacy, and
health self-management in cancer survivors will be discussed.
Medline, PubMed (2000-July 2016) and CINAHL (2000-July 2017) databases were
searched to access relevant medical, informatics, and nursing literature. An advanced search
method using selected medical subject heading [MeSH] terms, with English [MeSH] AND adult
[MeSH] AND humans [MeSH] AND published within the last five years as additional filters
were employed. Search terms included neoplasm, cancer, self-management, mobile health
(mHealth), performance expectancy, effort expectancy, communicative health literacy and
symptom management with inclusion of expanded terms within each MESH heading. Only
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articles available in full text were included. All publications identified using these methods were
downloaded into EndNote, duplicates were removed, and the publications were then reviewed
for relevance and applicability based on the established inclusion and exclusion criteria.
Limitations of this methodology include exclusion of studies not published in English,
unpublished works that are not easily searchable, and work that is not available in full text
format (Wright et al., 2007). Additional resources were retrieved based on the literature reviewed
in previous professional works, as well as literature referenced in articles reviewed relevant to
communicative health literacy and health self-management to inform the theoretical framework.
Results
Based on the initial review of the literature relative to mHealth use in older adult cancer
survivors, a gap in the literature was identified. Using the established search criteria, a total of
3,295 publications were identified. When the qualifier for 65+ years was added to these searches,
the total number of publications was reduced to 378. These references were loaded into EndNote.
Duplicates were excluded generating 292 potentially relevant publications. Abstracts were then
systematically reviewed based on the research question, specific aims, and inclusion and
exclusion criteria generating a total of 65 articles for further review. Each of the 65 articles were
read in their entirety. Based on the inclusion/exclusion criteria and theoretical foundations, only
seven publications were felt to meet the criteria, including three systematic reviews and four
studies (Appendix A).
Performance Expectancy, Effort Expectancy and Health Technology Engagement
Use of health technology is an expectation, yet there are few organized initiatives to
educate older adults in the use of health technology, and fewer still research initiatives aimed at
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understanding technology use for health self-management in older adult cancer survivors
(Kurtin, 2016a). Examining the relationship between performance expectancy effort expectancy,
technology engagement, and communicative health literacy to improve health is a research
priority (Pleasant, Cabe, Patel, Cosenza, & Carmona, 2015). These factors strongly influence
health technology engagement, including the perceived benefit of technology use and perceived
ease of use (Magsamen-Conrad, Upadhyaya, Joa, & Dowd, 2015). Perceptions of capability
(another term for self-efficacy) are largely influenced by exposure to information and
accumulation of skills. This in congruent with the tenets of self-efficacy that posit that enactive
engagement, verbal persuasion, vicarious experiences, and physical and vicarious experiences
influence a sense of mastery (Tryon, 1982).
Kurtin (2017) evaluated the feasibility and functionality of a tailored mHealth application
aimed at improving health technology engagement, communicative health literacy, and health
self-management in 11 patients and their caregivers living with MDS (median age 68.5, range
56-81 years). Caregivers were defined as any non-professional individual identified by the
patient as providing direct care, advice, guidance, or coordination of care on a regular basis.
Participants were recruited through the MDS Foundation. All testing was conducted in English.
Participants were required to have regular access to a smartphone or tablet with access to a phone
network or internet, and a Google account. The goal of the pilot testing was to evaluate the
feasibility and usability of MDS Manager© as a mHealth app, therefore, patients and caregivers
were combined in the analysis.
Two four-week pilot sessions were conducted between August 19, 2016 and October 20,
2016. Each pilot session included a series of weekly tasks aimed at testing the functionality of
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MDS Manager©. At the end of each week, a conference call was held to gain input from the
participants about their experiences using MDS Manager© and any suggestions for modification
to the app. Participants were also asked to complete weekly surveys to assess their experience
with MDS Manager©. Most participants (82%, n=9) found the download process for MDS
Manager© easy, and most (82%, n=9) had an existing Google account (73%) or registered for a
new one (10%), implying a certain level of technology engagement. Entry of specific disease and
treatment information took the most time (up to 60 minutes) and was noted to be easy (40%),
somewhat easy (10%) or somewhat difficult (40%). Access to resources including clinical trials
information via the app was noted as very easy (83%), and effective (34%) or very effective
(34%) by most users, emphasizing the potential for improving access to clinical trials. Overall
rating of MDS Manager© was noted to be very effective (34%), somewhat effective (50%), or
somewhat ineffective (16%) in this pilot study. Overall, MDS Manager© provided a useful tool
for patients and caregivers living with MDS.
One of the first recommendations of the pilot group was to develop a user guide for MDS
Manager©. The use of tutorials and guided use (user guide) of health technology, involving the
end-user in app development and incorporating the end-user’s recommendations for
modifications of the app is proposed to reduce effort expectancy and improve performance
expectancy (Bass et al., 2013; Klasnja, Hartzler, Powell, & Pratt, 2011). Tailored information
specific to reported symptoms or problems in the form of a brief pop-up message acknowledging
the symptom or problem with links to resources, is proposed to enhance health self-management.
Bi-directional functionality as opposed to data entry and review only is proposed to foster heath
technology engagement and communicative health literacy. The capabilities of this untethered
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General Criteria
English language; Published between 2011 and 2017
Systematic review or meta-analysis
Focus on intervention, feasibility of usability of mHealth
Includes specific mention of older adult cancer survivors (65+ years)
mHealth Criteria
Native application – user interface must originate on the smartphone or tablet
iOS or Android platform or both
App is free and available for public download
Offers some level of interaction for health self-management
Designed for cancer survivors and their caregivers

3,295 publication identified based on
established criteria
2,917 publications excluded after using
a criteria for 65 years and older
378 publications loaded into End Note
86 duplicate publications removed
292 publications reviewed based on
research questions, specific aims,
inclusion criteria
206 publications removed
65 publications read in entirety for fit
based on research questions, specific
aims, inclusion criteria
58 publications removed
7 publications were felt to meet the
criteria, including 3 systemitc reviews
and 4 intervention/feasibility/usability
studies

FIGURE 1. Review process for studies evaluating the mHealth application use in older adult
cancer survivors.
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technology in capturing real-time events, producing both individual and aggregate data for
analysis, and disseminating tailored interventions based on these data may transform health and
illness self-management research and practice (Kurtin, 2017).
Communicative Health Literacy
Communicative health literacy is integral to active information seeking and engagement
in health self-management (Bhuyan et al., 2016; Dykes et al., 2014; Hovick, Liang, & Kahlor,
2014; Pleasant, 2014; Pleasant et al., 2015; Pleasant & McKinney, 2011; Pleasant, McKinney, &
Rikard, 2011). Functional health literacy, readability, writing and basic language skills, is what
most people think of when the term health literacy is mentioned. As the healthcare landscape has
changed from a more paternalistic model to one that expects patients and their caregiver to take
responsibility for their care, and digital technology has become predominant, the definitions of
health literacy have evolved to reflect different levels of cognitive, interpersonal, social skills
and degrees of engagement (Chinn, 2011; Heijmans et al., 2015; Nutbeam, 2008; Pleasant et al.,
2015).
Health literacy influences health outcomes including access to and utilization of health
services, interactions with health care providers and systems, health self-management and
caregiving skills, and participation in shared decision-making (Batterham, Hawkins, Collins,
Buchbinder, & Osborne, 2016). Self-efficacy, at the core of health self-management, is in large
part based on perceptions. Perceptions are derived from knowledge gained through information
seeking and interactions with others, including the ability of individuals to effectively access,
understand and synthesize digital health information (Kurtin, 2016a; Pleasant et al., 2015;
Pleasant & McKinney, 2011; Watkins & Xie, 2014). Therefore, communicative health literacy is
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proposed to be a malleable multidimensional process that plays a critical role in health
technology engagement and health self-management.
mHealth and Health Self-management
Telemedicine, the electronic health record, wearable technology for health monitoring,
eHealth and mHealth programs are the predominant modes of health technology today (Girault et
al., 2015; Hung et al., 2013; Lee, Hoti, Hughes, & Emmerton, 2014; Novak, Simpson, Slagle, &
Mulvaney, 2015). Mobile health applications provide the capability for interactive, dynamic and
untethered technology to support health self-management, however, their content and
interventional elements need to be grounded in human computer interface design and health
behavior and communication theory and practice (Bender, Katz, Ferris, & Jadad, 2013; Nasi,
Cucciniello, & Guerrazzi, 2015a; Vollmer Dahlke et al., 2015). Furthermore, education and
support for utilization of health technology and resources and research initiatives aimed at
understanding technology use for health self-management in cancer survivors, particularly the
older adult, are lacking (Gordon & Hornbrook, 2016; Ruland et al., 2013; Stellefson et al., 2013;
Vollmer Dahlke et al., 2015; Watkins & Xie, 2014).
Among 165,000 mHealth apps identified in a recent analysis conducted by the Institute
for Health Care Informatics, only 9% were focused on specific disease management with less
than 1% mentioning cancer as the primary diagnosis (Informatics, 2015). The apps in this
analysis were available at either the Apple Store or Google Play, with 40% of these averaging
only 5,000 downloads, and less than 45% demonstrating sustained use of more than 30 days.
Most mHealth apps reviewed (>50%) lacked bi-directional interactive capabilities, with only 9%
allowing for user output and a mere 2% allowing for external communication. Most were
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limited to a single function. Importantly, apps that were prescribed by a health care provider
were used more consistently and over longer periods of time than those that were not prescribed
by a health care provider.
In a national survey of 3,677 adults who owned either a smartphone or tablet, 36%
(n=2300) had downloaded an mHealth app. Among those having an mHealth app on their device,
60% (n=816) used them to assist in achieving their health-related goals, for making decision
about their health (35%) and to guide their questions for health care providers, including seeking
a second opinion (38%) (Bhuyan et al., 2016). Factors associated with performance expectancy
relative to achieving health goals included older age, African American ethnicity, and perceived
self-efficacy in health self-management and shared decision-making. Yet, subjects who lived in
rural areas, were older, or had lower incomes, were less likely to download mHealth apps at all
indicating continued gaps in fully understanding engagement in mHealth.
Krebs and Duncan (2015) evaluated 1604 mobile phone users in the United States. Of
these, 58.23% (n=934) had downloaded an mHealth app. Factors associated with downloading
an app included obesity, younger age, being Latino/Hispanic, higher income, and higher
education level (all p<.0.5). The primary focus for use of mHealth apps in this sample (mean age
= 40 years) was tracking diet and exercise. Reasons for not downloading an app or for
discontinuing use of a downloaded app included lack of trust, no perceived benefit, concern for
data usage fees, data entry burden, lack of intuitive design, lack of ease of use, and loss of
interest (Krebs & Duncan, 2015). Although this study focuses primary on a younger population
and diet and exercise applications, these potential barriers will likely apply across populations
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based on established principles of behavioral intention, human-technology interface and mHealth
usability.
A systematic review of the literature focused on the behavioral functionality of mHealth
apps in health interventions, resulted in a final review of 24 mHealth interventional studies out of
the original 2254 articles retrieved (Payne, Lister, West, & Bernhardt, 2015). Among the
inclusion criteria was the use of behavioral theory, constructs or strategies. Self-monitoring (18
studies), cues to action (9 studies), feedback (9 studies), and social support (6 studies) were
among the constructs or strategies, and social cognitive theory (4 studies) and self-determination
theory (2 studies) were the only behavioral theories used. Most of these studies used a
randomized study design (n=15), however, eleven of the studies were pilot studies, and
seventeen of the studies had samples less than 100 participants. The major focus was on
outcomes related to diet and exercise (n=14), diabetes (n=4), depression (n=4), and addiction
(n=2). Factors associated with increased usability, acceptability and retention included the ability
to easily see progress, ease of data entry, automated functions, and push-prompts for behaviors
with feedback. Of the 10 studies focused on physical activity, nine resulted in significant
increases in physical activity. Similarly, nine of the ten studies focused on weight loss resulted in
significant weight loss. Three of the four studies focused on diabetes with a target of lowering
the HgA1c showed positive changes. All three studies focused on mental health interventions
showed significantly decreased depression. These studies emphasize the potential for favorable
changes in health behavior for individuals able to engage in and continue to use health
technology.
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Zapata, Fernandez-Aleman, Idri, and Toval (2015) conducted a systematic review
focused on empiric usability evaluation of mHealth apps, critical to acceptability and continued
use and necessary for effective behavioral interventions. Usability characteristics of
understandability, learnability, operability and attractiveness were included in the review criteria
for all studies (n=22), with operability being the most common (n=20). Empirical methods used
to evaluate usability included questionnaires (n=13), task completion (n=12), interviews (n=4)
and a user log (n=1). The longest duration of any of these studies was six months. The only
mention of cancer was a single study focused on skin cancer. Among the key recommendations
for mHealth app design for operability and understandability included incorporation of tutorials,
larger font sizes, and comprehensible text, particularly important for the older user. Additionally,
the development and adoption of an iterative process for evaluation of mHealth apps is
recommended (Zapata et al., 2015).
Discussion
The pace at which mHealth applications are being developed for chronic illnesses,
including cancer is staggering. Yet, mHealth as it relates to health self-management in older
adults in in its nascent phase. Findings from this review will inform the development of a
conceptual framework for application of mHealth technologies tailored to health selfmanagement in older adult cancer survivors. Furthermore, the capabilities of this untethered
technology in capturing real-time events, producing both individual and aggregate data for
analysis, and disseminating tailored interventions based on these data to the mHealth user will
inform health and illness self-management research and practice.
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There are many challenges in effectively developing mHealth apps in a way that will
foster effective research, including the pace of technology innovation, rendering some apps
obsolete within months of development, the difficulty in applying traditional clinical trial design
and outcome measures to this technology given the pace of change, and the continual concern for
privacy security and confidentiality. Maximizing the real-time tailored bidirectional interface
capabilities of this technology holds immense promise for clinical practice and research aimed at
improving health self-management and in older adult cancer survivors. However, maximizing
these capabilities will require an integrated approach that includes patients, their caregivers,
researchers, information technology experts, health care providers, health systems, payers and
regulatory agencies to ensure these technologies live up to this potential.
The number of mHealth applications has grown exponentially over the last decade, with
an estimated 165,000 available for download. Yet, few have been studied in cancer survivors,
and fewer still that have been evaluated in the older adult population. Despite using the inclusion
of age 65+ as a criterion for inclusion of publications in this review, the mean age for
participants ranged from 45-55 years, with inclusion of individuals over the age of 65 only
within the standard deviation. Yet, there were no statistically significant differences in these
studies when considering age as a factor, albeit limited by the small samples for these studies.
Studies focused on usability and feasibility of mHealth in older adult cancer survivors are
needed.
Despite an estimate that 53% of all new apps in development are targeting users over the
age of 55, yet a gap remains in theoretically derived applications guided by the principles of both
behavioral and informatics theory and research. In this review, only two of the publications
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mentioned theoretical foundations for the study, limiting the use of these data in building
foundations for nursing research. Additionally, among existing mHealth apps, there are few
validated tools to effectively evaluate and compare key elements of mHealth engagement and
continued use (Venkatesh, L. Thong, & Xu, 2012). In addition to the lack of validated tools for
critique of mHealth applications, there is limited data on the reliability and validity of tools and
measures traditionally used in paper format being transferred to a mobile app or with use of a
mobile app with connectivity to online tools. Fu et al. (2016), evaluated the psychometric
properties of the Breast Cancer and Lymphedema Symptom Experience Index in digital form
within the TOLF app generating a Cronbach’s α between 0.919 - 0.959 across scales. The
remainder of the studies in this review used descriptive designs with no mentions of use of
validated tools.
Vollmer Dahlke et al. (2015) applied eight theories representing both behavioral and
informatics constructs and based on behavioral change techniques to develop a taxonomy for
critiquing mHealth applications (Abraham & Michie, 2008). A total of 68 apps were coded by
two independent reviewers using this tool with inter-rater reliability of .86 (p<.001) for iOSbased apps and .77 (p<.001) for Android based apps. Continued development of a taxonomy
with addition of principles of technology use and acceptance given the relatively short-lived use
of mHealth apps in general and in this study, will be critical (Viswanath Venkatesh, Brown, &
Bala, 2013).
Given the small number of publications relevant to this review, with no two studies using
consistent evaluation tools, development of validated tools for evaluating the use, benefits and
barriers to mHealth use and the effects of mHealth use on health outcomes are desperately
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needed. Future studies will require concurrent psychometric validation of established tools used
in health self-management research to facilitate comparisons and continue to develop a coherent
and theoretically derived body of knowledge.
Derivation of a Conceptual Framework for Health Technology Engagement,
Communicative Health Literacy and Health Self-management
Health and illness, including cancer, occur along a continuum of variable risk and
vulnerability, are strongly influenced by engagement in health behaviors, and ultimately
behavior change over time. Behavioral adaptation is necessary to effectively mitigate potential
risks and periods of vulnerability along the continuum of health and illness (Ajzen, Brown, &
Carvajal, 2004; Fishbein & Ajzen, 2005; Kurtin, 2015; Wood & Bandura, 1989). Behavioral
intention, an indication of a person's readiness to perform a given behavior, is the immediate
antecedent of behavior, and is largely based on self-perceptions (Ajzen et al., 2004; Wood &
Bandura, 1989). Theoretically derived health technology interventions aimed at improving
health-self management in cancer survivors that are guided by the principles of both behavioral
and informatics theory and research are lacking (Informatics, 2015; Kurtin, 2015, 2016a; Nasi et
al., 2015a).
Several theories were considered for this research, including The Theory of Planned
Behavior (TPB), Social Cognitive Theory (SCT), Self-Efficacy Theory (SET) and The Unified
Theory of Acceptance and Use of Technology (UTAUT) (TABLE 1). These theories were used
to inform development of a framework for mHealth use aimed at improving health technology
engagement and communicative health literacy, stepping stones to health self-management. Each
of these models are grounded in the belief that there is a human capacity to learn, to
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communicate, and to change behavior. These concepts have been explored widely in research
focused on chronic illness self-management, including cancer prevention and symptom
management (Ajzen et al., 2004; Fishbein & Ajzen, 2005; Gerend & Shepherd, 2012; Ogilvie et
al., 2013). Behavior change implies preceding behavioral intention and subsequent action
(Ajzen, 2011). The Theory of Planned Behavior posits that intention is largely dependent on
attitude toward the behavior and perceived behavioral control. The gap between intention and
action with measurable changes in behavior has been noted (Ajzen, 2011; Ajzen et al., 2004;
Ogilvie et al., 2013; Pinto & Floyd, 2008). Health technology engagement, communicative
health literacy and health self-management imply action and changes in behavior.
At the core of SCT is the concept of self-beliefs or perceptions (Bandura, Adams, &
Beyer, 1977). SCT posits that human functioning is the result of reciprocal determinism, the
constant interaction between personal, environmental, and behavioral influences (Bandura, 1977;
Bandura et al., 1977). Self-reflection, essentially a culmination of experiences that allow an
individual to integrate past experiences in shaping their self-perceptions, is critical to continual
adaptation to experiences (Bandura, 2004). Mastery of this repertoire of skills and knowledge
over the course of an individual’s life, is largely a product of successes and failures, exposure to
others who are successful (role modeling or visual persuasion), or who are perceived to be
knowledgeable or influential (verbal persuasion) (Bandura, 1977). These capabilities provide
human beings with the cognitive means by which they are influential in determining their own
destiny.
Self-efficacy is at the core of SCT. The Self Efficacy Theory adds the concepts of selfefficacy expectations and outcome expectations to the triad of SCT, both theories are informed
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by influential sources of self-efficacy (performance expectancy, verbal persuasion, role
modeling, psychological feedback), person and environment. Self-efficacy, defined as a person’s
perception of their ability to attain a goal or master threats to stability, is the most important
determinant of human agency, behavior change, and the mitigation of stressors or risk (Bandura,
1989; Benight & Bandura, 2004; Tryon, 1982). Self-efficacy beliefs provide the foundation for
human motivation, well-being, and personal accomplishment (Bandura, 1977). Outcome
expectations are the perceived outcome or benefit of accomplishing goals. These components are
separated because an individual might see an outcome as producing a positive effect, but it will
not have an impact if its accomplishment is not seen as attainable.
Although these theories and models have been widely applied to chronic illness, and
chronic illness self-management, there is a paucity of published research relative to health
technology engagement and communicative health literacy. Therefore, there are several
limitations when considering eHealth and mHealth technology as an intervention with proposed
measurable changes in behaviors (Ajzen, 2011; Armitage & Conner, 2001; Hagger &
Chatzisarantis, 2009; Kurtin, 2016d)
The Unified Theory for Use and Acceptance of Technology was derived from eight
theories thought to represent models of individual acceptance. The theories evaluated included
the Theory or Reasoned Action (TRA) (McEachan et al., 2016), the Technology Acceptance
Model (TAM) (F. D. Davis, 1989), the Motivational Model (Vallerand, 1997), the TPB (Ajzen,
2011; Taylor & Todd, 1995), a Combined TAM-TPB (C-TAM-TPB) (Taylor & Todd, 1995), the
Model of PC Utilization (MPCU) (Thompson, Higgins, & Howell, 1994), the Innovation
Diffusion theory (IDT) (Moore & Benbasat, 1991), and SCT (Bandura, 1977, 1989). The
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UTAUT model was developed using structural equation modeling and was subsequently tested
using the UTAUT scale. The UTAUT scale explained 70% of the variance in usage intention,
better than any of the other eight models alone (Magsamen-Conrad, Upadhyaya, Joa, & Dowd,
2015). More recently, the UTAUT2 was developed with a specific focus on technology use by
consumers (Venkatesh et al., 2012). Although not specific to health technologies, most core
concepts in the UTUAT are derived from theories commonly used in the evaluation of health
behaviors and chronic illness. Two concepts, performance expectancy, the degree to which using
a technology will provide benefits to consumers in performing certain activities (perceived
usefulness), and effort expectancy, the degree of ease associated with consumers’ use of
technology (perceived ease of use) are relevant to health technology engagement (MagsamenConrad, Upadhyaya, Joa, & Dowd, 2015).
Based on the process of theory reformulation and theoretical substruction, a modified framework
for health technology engagement and communicative health literacy in adult cancer survivors is
proposed for this study (Figure 2). The framework includes the key constructs of performance
expectancy, effort expectancy, health technology engagement, communicative health literacy,
and health self-management. Performance expectancy or perceived usefulness is the degree to
which using health technology will provide benefits to consumers in performing certain activities
(Magsamen-Conrad et al., 2015; Venkatesh et al., 2012). Effort expectancy reflects perceived
ease of use (Magsamen-Conrad et al., 2015; Venkatesh et al., 2003). Health technology
engagement is the active use of eHealth and mHealth technologies to improve health, manage
illness, and engage in decision-making about health (Chen et al., 2015). Communicative health
literacy is the degree to which individuals have the capacity to obtain, process, understand,
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Communicative Health
Literacy
Performance
Expectancy

Health SelfManagement
Health Technology
Engagement

Effort
Expectancy

Not to measured in this study

FIGURE 2. Theoretical framework for health technology engagement, communicative health
literacy and health self-management in adult cancer survivors.

evaluate, communicate and apply information to make informed decisions about their health
(Osborne, Batterham, Elsworth, Hawkins, & Buchbinder, 2013). This implies
information seeking and an active process of engagement in health self-management
(Beauchamp et al., 2017; Osborne et al., 2013; Pleasant et al., 2015). Health self-management is
self-efficacy in managing health (Lorig, Laurent, Plant, Krishnan, & Ritter, 2014; Lorig et al.,
2001). Performance expectancy and effort expectancy are proposed to directly affect health
technology engagement, a form of behavioral intention. Health technology engagement is
proposed to be correlated with communicative health literacy and with health self-management.
Communicative health literacy is proposed to be correlated with health technology engagement
and health self-management.
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Purpose and Specific Aims
Health and illness self-management imply an active process and behavioral change
(McCorkle et al., 2011). The ability to self-manage health and illness requires social capital,
personal resources, some level of independence in decision making, and communication skills.
mHealth technology may improve health self-management, empowering patients and their
caregivers to take an active role in their health, build health self-management competence and
confidence (self-efficacy), and improve health communication skills (communicative health
literacy). Information seeking, information processing and health communication skills,
components of communicative health literacy, are pre-requisite to effective self-management.
Low health literacy is associated with lower access to and use of digital technology (Bailey et al.,
2015) and is strongly associated with a decreased capability for searching for and accessing
preferred sites for health information online (communicative health literacy). Health
communication strategies and health information technology to improve population health
outcomes and health care quality, and to achieve health equity are integral to health promotion
and risk reduction. Health technology engagement is proposed as a form of behavioral intention.
Therefore, health technology interventions guided by theoretical principles of behavioral
intention, self-efficacy, communicative health literacy, and health technology engagement with
consideration of the unique needs of the older adult will inform the scientific inquiry of selfmanagement in cancer survivors.
Purpose
The overall objective of this study is to examine the relationship between mHealth
application use, health technology engagement and communicative health literacy in older adults
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living with MDS. Tailored use of MDS Manager© is predicted to correlate with health
technology engagement and communicative health literacy (Kurtin, 2016a). Performance
expectancy (usefulness) and effort expectancy (ease of use) are critical to effective health
technology engagement. Tailoring mHealth applications with user engagement in the design and
optimization, is an essential step toward fully testing and developing this technology as a
component of a research platform aimed at improving health self-management in cancer
survivors with varied diagnoses. This study aims to:
Aim 1. Examine the relationship among use of a tailored mHealth application, MDS
Manager©, and health technology engagement in adults living with MDS. Aim 1 will examine
the relationship among health technology engagement, performance expectancy and effort
expectancy specific to MDS Manager© use. Hypothesis 1a: Tailoring of MDS Manager©,
including use of tutorials and a tailored user guide will be positively correlated with reduced
effort expectancy (EE). Hypothesis 1b: Tailoring of MDS Manager©, including use of tutorials
and a tailored user guide will be positively correlated with increase performance expectancy.
Hypothesis 1c: Use of MDS Manager© will be positively correlated with health technology
engagement.
Aim 2. Describe communicative health literacy among adults living with MDS.
Hypothesis 2a: Tailored Use of MDS Manager© will be positively correlated with
communicative health literacy.
Importance of the Knowledge to be Gained
The long-term goals of this research are to create a prototype mHealth application for
cancer survivors as a tool for health and illness self-management with the capability for
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interactive support, data collection and research. Findings from this study will inform refinement
of a conceptual framework for application of mHealth technologies tailored to health selfmanagement in older adult cancer survivors. Furthermore, the capabilities of this untethered
technology in capturing real-time events, producing both individual and aggregate data for
analysis, and disseminating tailored interventions based on these data to the mHealth user may
transform health and illness self-management research and practice. Creation of a virtual
platform for nursing research provides an innovative strategy to engage patients and caregivers
across the globe. The ability to partner with established patient advocacy groups enhances
provision of tailored support to users of mHealth and eHealth technologies and may improve
health self-management.
Role of the Dissertation Author
The dissertation author developed and submitted the determination human subjects’
protection packet to the Internal Review Board (IRB) at the University of Arizona office of
research. The author led the development of the virtual research platform, Including MDS
Manager, in collaboration with colleagues from the MDS Foundation and Markations. MDS
Manager© and the research platform are owned solely by the MDS Foundation. The author is a
volunteer member of the Board of Directors for the MDS Foundation. All three manuscripts
were written by the dissertation author with feedback and revision provided by the dissertation
committee prior to submission for publication.
Present Study
The methods, results and conclusions of this study are presented in the manuscripts
appended to this dissertation. The most important findings from this research are presented here.
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CHAPTER II: METHODS
Research Design
A descriptive correlational design was used for this study. The descriptive correlation
design is appropriate given the paucity of data currently available for mHealth applications used
by older adults to improve health self-management. In addition, there are no published studies
describing communicative health literacy among MDS patients.
Sample
A purposive non-probability sampling technique was used to recruit MDS patients based
on the pre-determined eligibility criteria, with the MDS Foundation as a conduit for contact
(Trochim, 2006). Inclusion Criteria included: 1) have a diagnosis of MDS, 2) must read, write
and speak English, 3) must have regular access to a smartphone or tablet with access to a phone
network or internet, 4) must have access to the internet, and 5) must be able to set-up and use a
Gmail account. All participants were volunteers who live in the United States or Canada.
Google accounts are required to save and transfer data between devices. These accounts are
password protected and are not accessible by anyone other than the account holder. The initial
launch of MDS Manager© in February of 2018, including presentations at two regional patient
forums sponsored by the MDS Foundation, resulted in only 11 study participants over the first
four weeks of the study. Some 900 individual emails were sent to patients registered with the
MDS Foundation in late May 2018 describing the study, inclusion criteria, risks and benefits. An
additional 54 patients registered for the MDS Manager Study between 6/4/18 and 8/20/18.
Additional details of the sample are provided in the publications linked to this dissertation.
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Intervention
The primary focus of this study was to explore the relationship among MDS Manager©
use, effort expectancy, performance expectancy, health technology engagement and
communicative health literacy in patients living with MDS. MDS Manager©, an MDS Manager©
Study Portal, an MDS Manager© Administrative Dashboard, and an MDS Manager© Gmail
account provided the virtual research platform (Figure 3). Following the initial roll-out of the
MDS Manager Study, the study portal was revised to condense the amount of information, make
icons easier to see, and improve the process of registering for the study.
A series of emails and push notification were delivered to study participants over the
four-week study period. In addition, tailored pop-up notices imbedded in the Symptom Tracker
feature of MDS Manager © provided tailored messages to guide the user to additional
information about that symptom on the MDS Manager Study Portal©. The website for the MDS
Foundation is rich in resources aimed at assisting the patient and their caregivers in
understanding the diagnosis and treatment of MDS. The Building Blocks of Hope®, a print and
online interactive tool to support patients and caregivers living with MDS, includes Quick-Tips©
for managing common symptoms and problems (http://buildingblocksofhope.com/). Linking
MDS Manager© to a database with dashboard capabilities enabled review of the data by
individual and in aggregate in real time.
Measurements
Measurements were conducted at baseline (study enrollment) and at four weeks after
study enrollment. Measures included validated tools used to measure each core construct,
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FIGURE 3. MDS Manager© virtual research platform.

demographic and clinical information about MDS. Survey Monkey questionnaire was designed
to include measures for demographic information, information about MDS, treatment options for
MDS, and the core constructs of performance expectancy, effort expectancy, health technology
engagement and communicative health literacy. The baseline survey included 63 questions with
an average time for completion among the 65 study participants of 10 minutes. The survey was
built to require each answer needed to measure core constructs. The completion rate for these
items was 100%. The follow-up survey included 50 questions with an average time for
completion among the 11 participants answering the questions of eight minutes. Items relevant to
core constructs had a completion rate of 100%. Dummy variables were created for the
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independent variable, MDS Manager© use (0=no use, 1=use of any length) to allow for
comparisons across all variables. A similar dummy variable was created for patient portal use.
Aim 1: Performance Expectancy (PE), Effort Expectancy (EE) and Health Technology
Engagement (TE)
Performance expectancy (three items), effort expectancy (four items) and health
technology engagement (three items) were measured using items from the UTAUT2 tool, a 27item seven-point Likert-type scale, ranging from 1 = strongly disagree to 7 = strongly agree with
Cronbach’s alpha of .91-.94 for items specific to health technology engagement (intention)
(Venkatesh et al., 2012). Convergent and discriminant validity have been established. Additional
information was collected from the MDS Manager © Administrative Dashboard relative to task
completion, number of data access events, and number of access points for each MDS Manager
element.
Aim 2: Communicative Health Literacy
The Health Literacy Questionnaire (HLQ) is a 43-item Likert scale with nine
conceptually distinct subscales measuring health literacy (Osborne et al., 2013). The HLQ has
been used to assess the needs and challenges of a wide range of people and organizations. Each
subscale can be used independently without compromising the reliability and validity of the tool.
Cronbach’s alpha is reported at > .84 for scales used to measure communicative health literacy.
The subscales relevant to communicative health literacy and health self-management include: 1)
Feeling understood and supported by health care providers (0.88), 2) Actively managing my
health (0.86), 3) Social Support for health (0.84), 4) Ability to actively engage with healthcare
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providers (0.90), 5) Navigating the health care system (0.88), 6) Ability to find good health
information (0.89).
Data Analysis
Power
To achieve a statistical power of at least .80 (α < .05), a sample of 30 patients should be
sufficient based on the total number of items proposed in the validated tools (n=39) (Whitley &
Ball, 2002).

40
CHAPTER III: RESULTS
Clinical and Demographic Information
Sixty-five patients from the United States (n=63, 95.4%) and Canada (n=3, 4.6%)
enrolled in the study between February 2018 and August 2018. The median age of the population
was 79 years (range 57-91), with more male (n = 37, 57%), then female (n= 28, 43%)
participants. The group was highly educated, with all participants completing high school and
more than half completing college. The average income among study participants was $75,000 –
99,000 (range $25,000-$200,000). The mean time since diagnosis of MDS in this group was 3.12
years (range 0.5-15 years, SD 2.8). Slightly more than half of the patients were receiving
treatment for their MDS at the time of the study (58%, n=38). Additional demographic
information is included in Table 1.
Performance Expectancy, Effort Expectancy and Health Technology Engagement
It was hypothesized that tailored use of MDS Manager© would: 1) increase performance
expectancy (PE, 2) reduce effort expectancy, and 3) that improved PE and reduced EE would
improve health technology engagement (TE). A total of 138 downloads of MDS Manager©
occurred during the study period. Due to the protection of personal health information, it is not
possible to identify which of these downloads were patients contacted by email. Among study
participants (n=65), 77% (n=50) had not downloaded MDS Manager© at study enrollment. For
study participants downloading MDS Manager© (n=15, 33%), use ranged from less than four
weeks (n=4, 26%), to more than six months (n=2, 13%), with the majority having used the app
between 4-12 weeks (n=4, 26%) or 12-72 weeks (n=5, 33%). More female participants had
downloaded and used MDS Manager© (n=10, 66%) than male participants (n=5, 33%) (r=-.25,
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p=0.4). There was no correlation between age, education, income, time since diagnosis, or
reported IPSS-R score and MDS Manager© use.
TABLE 1. Demographics and MDS characteristics.
Region

Age

Gender
Education
Income

Time since diagnosis of MDS

IPSS-R Score

Active Treatment for MDS
Participated in a clinical trial

United States
Western
Midwestern
Southern
Northeastern
Pacific
Canada
Median age - 79 years (range 57-91)
Age < 60
Age 60-69
Age 70-89
Age 80-89
Age 90+
Female
Male
Completed high school
Graduated from college
Completed graduate school
Up to $ 50,000
$50,000-$74,999
$75,000-$99,999
>$100,000
.5-1.0 years
2years
3 -4 years
years
7-8 years
11+ years
No
n=43 (67%)
Yes
n=22 (33%)
IPSS-R score 0-1
IPSS-R score 1.5-2
IPSS-R score >3
Yes
n=38 (58%)
No
n=27 (41%)
Yes
n = 10 (15%)
No
n= 51 (79%)
Unsure
n= 4 (6%)

n=21 (32.3%)
n=12 (18.5%
n=16 (24.6%)
n=13 (20%)
n=0
n=3 (4.6%)
n=4 (6%)
n=24 (37%)
n=21 (32%)
n=15 (23%)
n=1 (1%)
n=28 (43%)
n=37 (57%)
n=65 (100%)
n=43 (66%)
n=23 (35%)
n=17 (26%)
n=15 (23%)
n=13 (20%)
n=20 (31%)
n= 17 (26%)
n= 23 (35%)
n= 11 (17%)
n= 8 (12%)
n= 3 (5%)
n= 3 (5%)
n=10 (15%)
n= 10 (15%)
n = 2 (3%)
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Eleven (16%) MDS patients enrolled in the study responded to the follow-up survey.
Four individuals had not downloaded MDS Manager© at the end of the study. Among those
downloading MDS Manager©, two had downloaded the app prior to enrollment in the study and
five individuals downloaded MDS Manager after study enrollment, limiting the evaluation of the
impact of a tailored mHealth application. Table 2 shows the comparison of means (t-Test) for
performance expectancy, effort expectancy and health technology engagement among MDS
Manager users and non-users. Table 3 shows the estimated correlations and affect sizes among
MDS Manager© use, performance expectancy, effort expectancy and health technology
engagement as they relate to mobile health applications.
Communicative Health Literacy
It was hypothesized that tailored use of MDS Manager would 1) be positively correlated
with communicative health literacy and health technology engagement. There were no
significant differences in mean scores and no significant correlations between communicative
health literacy and health technology engagement between MDS Manager© users at baseline and
non-users. Given the small number of patients responding to the post-implementation survey, no
estimates can be made about the impact of the tailored education for MDS Manager© users and
how this may affect communicative health literacy. Correlations will be reported for items on the
HLQ among all study participants at baseline.
Table 4 shows the means, standard deviations and standard interpretation for items on the
Health Literacy Questionnaire. For Feeling understood and supported by healthcare providers,
the mean score in this sample (M = 3.36, S.D. .57), indicating an established relationship with at
least one health care provider that knows them well and that they can trust (Osborne et al., 2013).
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The mean score for actively managing my health (M= 3.06, S.D. .50) shows that this sample is
motivated to manage their health, make health a priority, and prefer to engage in decisionmaking about their health. All items were correlated (r= .24-.66, p<0.05) except for spending
quite a lot of time actively managing health and doing things regularly to improve health (r=.18,
p=0.14). Social support for health (M =3.16, S.D. .54), suggests a strong social network among
the MDS patients in this sample. The ability to actively engage with health care providers in this
sample (M = 4.12, S.D.71), implies an empowered, engaged and proactive population. A mean
score of 4.84 (M = 4.84, S.D. .81) for Navigating the healthcare system indicates that this group
of MDS patients can access care and advocate on their own behalf at the system and service
level. Finally, the ability to find good health information (M= 3.9, S.D. .82), implies that this
sample of MDS patients is motivated to actively seek out up to date information using a diverse
range of sources.
Qualitative Evaluation of MDS Manager©
Open ended comments were collected on the Survey Monkey Survey. These were
reviewed and categorized using thematic analysis. Four major categories were identified: 1)
Human factors for mHealth use, 2) Complex information, 3) MDS symptoms and staying well,
and 4) Access to care. Comments included in human factors for mHealth use and competing
technology, emphasize the need for continued considerations for effort expectancy and
performance expectancy. One participant commented: I think that asking for some patient input
on actually using MDS Manager© would be beneficial in making it more useful, and therefore
more effective in managing my health.” “It was confusing to try to enter Canadian units into the
MDS Manager©.”
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The complexity of MDS was also mentioned: “It's hard to understand MDS completely,”
I just follow my blood counts using the patient portal,” “I am newly diagnosed with MDS. I’m
overwhelmed, scared, and desperately trying to figure out what I have ... ordering educational
materials and searching Google. At times, I feel alone and unable to bother my health care
providers with my questions.”
Comments about symptoms and staying well included: “I am presently fairly
asymptomatic with regard to MDS,” Fatigue because of anemia is prevalent among MDS
patients and must be considered in the design of mHealth apps for this population. “I have a lot
of challenges with my health, but I think I am doing pretty well at managing things given the
circumstances,” “I eat very carefully, and it is doing the job to keep me healthy. Very little
processed food. Mostly short grain brown rice, beans, vegetables, and filtered water,” “My wife
is a huge help and we love cooking together.”
Several comments were made relative to access to care, including access to MDS
specialists: “Other than being in a Medicare HMO I get most of what I need. It would be nice to
have options to see other specialists outside of my provider network, to have access to an MDS
specialist,” “My family doctor does not know much about MDS. I have had four different
doctors for MDS. See them once a year, they are always leaving for a better job. I can't even get
my blood results sent to me.” Additional data and discussion of the results will be presented in
the publications that follow.
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TABLE 2. Comparison of means (independent t-test) for performance expectancy, effort
expectancy and health technology engagement among MDS Manager© users and non-users.

Construct/Measure
PE mHu: I find mobile health applications useful
in my daily life
PE mHa: Using mobile health applications helps
me to accomplish things more quickly
PE mHsm: Using mHealth increases my ability to
manage my health
PE Total Score for items in PE subscale
EE mHe: Using mHealth is easy for me
EE
EE
EE
EE
TE
TE
TE
TE

smH: It is easy for me to become skillful at
using mHealth
imH: My interactions with mobile mHealth
are clear and understandable
fmHe: I find mobile health applications is
easy to use
Total Score for items in EE subscale
mHcu: I intend to continue using mobile
health applications in the future
mHdl: I will continue to use mobile health
applications in my daily life
mHfreq: I will continue to use mobile health
applications frequently
Total Score for items in TE subscale

MDS
MDS Manager
Manager
Non-User
(n=50)
User
(n=15)
Mean (S.D), CI 95%
3.60 (.82)
2.76 (.93)
3.40 (.73)

2.72 (.92)

3.53 (.63)

2.80 (.90)

3.51 (.72)
3.53 (.83)

2.76 (.91)
2.76 (.99)

3.73 (.59)

2.90 (.99)

3.60 (.73)

2.76 (.87)

3.60 (.73)

2.68 (.93)

3.61 (.72)
3.66 (.61)

2.77 (.92)
2.76 (.98)

3.73 (.59)

2.68 (.97)

3.73 (.59)

2.88 (1.5)

3.7 (.59)

2.77 (1.15)

Independent
Samples t-Test
t (63) =3.11,
(p=0.00)
t (63) =2.60,
(p=0.01)
t (63) =2.92,
(p=0.00)
t (63) =2.86,
(p=0.00)
t (63) =3.07,
(p=0.00)
t (63) =3.38,
(p=0.00)
t (63) =3.49,
(p=0.00)
t (63) =3.37,
(p=0.00)
t (63) =3.94,
(p=0.00)
t (63) =3., (p=0.03)
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TABLE 3. Correlation matrix (non-diagonal) and variance(diagonal) for performance expectancy, effort expectancy and health
technology engagement among study participants.
Correlations
MDSM Use

mHu

mHa

mHsm

mHe

smH

Pearson Correlation
Sig. (1-tailed)
Sum of Squares and Cross-products
Covariance
N
Pearson Correlation
Sig. (1-tailed)
Sum of Squares and Cross-products
Covariance
N
Pearson Correlation
Sig. (1-tailed)
Sum of Squares and Cross-products
Covariance
N
Pearson Correlation
Sig. (1-tailed)
Sum of Squares and Cross-products
Covariance
N
Pearson Correlation
Sig. (1-tailed)
Sum of Squares and Cross-products
Covariance
N
Pearson Correlation
Sig. (1-tailed)
Sum of Squares and Cross-products
Covariance
N

MDSM Use
1
11.538
.180
65
.366**
.001
9.692
.151
65
.311**
.006
7.846
.123
65
.346**
.002
8.462
.132
65
.340**
.003
8.923
.139
65
.361**
.002
9.615
.150
65

mHu
.366**
.001
9.692
.151
65
1

mHa
.311**
.006
7.846
.123
65
.927**
.000
60.862 53.631
.951
.838
65
65
.927** 1
.000
53.631 55.015
.838
.860
65
65
.905** .893**
.000
.000
50.908 47.754
.795
.746
65
65
.693** .724**
.000
.000
41.815 41.508
.653
.649
65
65
.544** .563**
.000
.000
33.277 32.738
.520
.512
65
65

mHsm
.346**
.002
8.462
.132
65
.905**
.000
50.908
.795
65
.893**
.000
47.754
.746
65
1

mHe
.340**
.003
8.923
.139
65
.693**
.000
41.815
.653
65
.724**
.000
41.508
.649
65
.752**
.000
51.938 41.877
.812
.654
65
65
.752** 1
.000
41.877 59.754
.654
.934
65
65
.552** .864**
.000
.000
31.185 52.369
.487
.818
65
65

smH
.361**
.002
9.615
.150
65
.544**
.000
33.277
.520
65
.563**
.000
32.738
.512
65
.552**
.000
31.185
.487
65
.864**
.000
52.369
.818
65
1

imH
.392**
.001
9.692
.151
65
.615**
.000
34.862
.545
65
.624**
.000
33.631
.525
65
.647**
.000
33.908
.530
65
.815**
.000
45.815
.716
65
.794**
.000
61.446 45.277
.960
.707
65
65

fmHe
.403**
.000
10.615
.166
65
.672**
.000
40.677
.636
65
.680**
.000
39.138
.612
65
.693**
.000
38.785
.606
65
.859**
.000
51.569
.806
65
.816**
.000
49.646
.776
65

mHcu
.391**
.001
10.462
.163
65
.764**
.000
46.908
.733
65
.715**
.000
41.754
.652
65
.757**
.000
42.938
.671
65
.705**
.000
42.877
.670
65
.570**
.000
35.185
.550
65

mHdl
.445**
.000
12.154
.190
65
.810**
.000
50.769
.793
65
.778**
.000
46.385
.725
65
.809**
.000
46.846
.732
65
.751**
.000
46.692
.730
65
.610**
.000
38.462
.601
65

mHfreq
.260*
.018
9.846
.154
65
.359**
.002
31.231
.488
65
.334**
.003
27.615
.431
65
.338**
.003
27.154
.424
65
.316**
.005
27.308
.427
65
.200
.055
17.538
.274
65
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TABLE 3. – Continued
Correlations
imH

Pearson Correlation
Sig. (1-tailed)
Sum of Squares and Cross-products
Covariance
N
fmHe
Pearson Correlation
Sig. (1-tailed)
Sum of Squares and Cross-products
Covariance
N
mHcu
Pearson Correlation
Sig. (1-tailed)
Sum of Squares and Cross-products
Covariance
N
mHdl
Pearson Correlation
Sig. (1-tailed)
Sum of Squares and Cross-products
Covariance
N
mHfreq
Pearson Correlation
Sig. (1-tailed)
Sum of Squares and Cross-products
Covariance
N
**. Correlation is significant at the 0.01 level (1-tailed).
*. Correlation is significant at the 0.05 level (1-tailed).

MDSM Use
.392**
.001
9.692
.151
65
.403**
.000
10.615
.166
65
.391**
.001
10.462
.163
65
.445**
.000
12.154
.190
65
.260*
.018
9.846
.154
65

mHu
.615**
.000
34.862
.545
65
.672**
.000
40.677
.636
65
.764**
.000
46.908
.733
65
.810**
.000
50.769
.793
65
.359**
.002
31.231
.488
65

mHa
.624**
.000
33.631
.525
65
.680**
.000
39.138
.612
65
.715**
.000
41.754
.652
65
.778**
.000
46.385
.725
65
.334**
.003
27.615
.431
65

mHsm
.647**
.000
33.908
.530
65
.693**
.000
38.785
.606
65
.757**
.000
42.938
.671
65
.809**
.000
46.846
.732
65
.338**
.003
27.154
.424
65

mHe
.815**
.000
45.815
.716
65
.859**
.000
51.569
.806
65
.705**
.000
42.877
.670
65
.751**
.000
46.692
.730
65
.316**
.005
27.308
.427
65

smH
.794**
.000
45.277
.707
65
.816**
.000
49.646
.776
65
.570**
.000
35.185
.550
65
.610**
.000
38.462
.601
65
.200
.055
17.538
.274
65

imH
1

fmHe
.933**
.000
52.862 52.677
.826
.823
65
65
.933** 1
.000
52.677 60.246
.823
.941
65
65
.610** .569**
.000
.000
34.908 34.785
.545
.544
65
65
.595** .616**
.000
.000
34.769 38.462
.543
.601
65
65
.188
.225*
.067
.035
15.231 19.538
.238
.305
65
65

mHcu
.610**
.000
34.908
.545
65
.569**
.000
34.785
.544
65
1

mHdl
.595**
.000
34.769
.543
65
.616**
.000
38.462
.601
65
.930**
.000
61.938 58.846
.968
.919
65
65
.930** 1
.000
58.846 64.615
.919
1.010
65
65
.446** .506**
.000
.000
39.154 45.385
.612
.709
65
65

mHfreq
.188
.067
15.231
.238
65
.225*
.035
19.538
.305
65
.446**
.000
39.154
.612
65
.506**
.000
45.385
.709
65
1
124.615
1.947
65
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TABLE 4. Means, standard deviations and standard interpretations for items on the health literacy questionnaire.
HLQ Scale

Matrix
Coding

Items

Scale 1: Feeling
understood and
supported by
healthcare
providers (HPS)

HCPkme

I have at least one health care
provider who knows me well
I have at least one health care
provider I can discuss my
health problems with

4-point Likert
Scale:
Strongly
disagree = 1
Strongly Agree =
4
Scale 3: Actively
managing my
health (AMH)
4-point Likert
Scale:
Strongly
disagree = 1
Strongly Agree =
4

HCPdis

HCPwto
HCPrely
THSM
ptbH
mtfH
Fg
thtbH

Mean (m) with Standard
Deviation () and Minimum
and Maximum Values []
M=3.41 (.55)
[range 2-4]
M=3.47 (.50)
[range 3-4]

I have the healthcare providers
I need to help me work out
what I need to do
I can rely on at least one
health care provider

M= 3.21 (.58)
[range 2-4]

I spend quite a lot of time
actively managing my health
I make plans for what I need
to do to be healthy

M=2.95 (.57)
[range 2-4]
M=3.10 (.50)
[range 2-4]

Despite other things in my
life, I make time to be healthy
I set my own goals about
health and fitness
There are things I do regularly
to make myself more healthy

M=3.06 (.63)
[range 2-4]
M=3.12 (.48)
[range 2-4]
M=3.15 (.36)
[range 3-4]

M=3.33 (.58)
[range 2-4]

Standard Interpretation of Scores (Osborne et al.,
2013)
Low: (1-2) People who are low on this domain are unable
to engage with doctors
and other healthcare providers. They don’t have a regular
healthcare
provider and/or have difficulty trusting healthcare
providers as a source
of information and/or advice.
High: (>2) Has an established relationship with at least
one healthcare provider who knows them well and who
they trust to provide useful advice and information and to
assist them to understand information and make decisions
about their health.
Low: (1-2) People with low levels don’t see their health
as their responsibility, they
are not engaged in their healthcare and regard healthcare
as something
that is done to them.
High: (>2) Recognize the importance and are able to take
responsibility for their own health. They proactively
engage in their own care and make their own decisions
about their health. They make health a priority.
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TABLE 4 – Continued
HLQ Scale
Scale 4: Social
support for
health (SS)
4-point Likert
Scale:
Strongly
disagree = 1
Strongly Agree =
4

Matrix
Coding
AtP
Pun
Pfappts
RoP
FaF

Scale 6: Ability
to actively
engage with
health care
providers

HCPu

5-point Likert
Scale:
Always difficult/
cannot do = 1
Always easy = 5

disuU

HCPdis

atdisHH
CP
askHCP

Items
I can get access to several
people who understand and
support me
When I feel ill, the people
around me really understand
what I am going through
I have at least one person who
can come to medical
appointments with me
If I need help, I have plenty of
people I rely on
I have strong support from
family and friends
I make sure that health care
providers understand my
health care needs
I have good discussions about
my health with my health care
providers
I discuss things with my health
care provider until I
understand all I need to
I feel able to discuss my health
concerns with my health care
provider
I ask healthcare providers
questions to get the health
information I need

Mean (m) with Standard
Deviation () and Minimum
and Maximum Values []
M=3.15 (.59)
[range 2-4]
M=3.07 (.40)
[range 2-4]

Standard Interpretation of Scores (Osborne et al.,
2013)
Low: (1-2) Completely alone and unsupported for health.
High: (>2) A person’s social system provides them with
all the support they want
or need for health.

M=3.27 (.70)
[range 1-4]
M=3.03 (.49)
[range 2-4]
M=3.29 (.55)
[range 2-4]
M=4.18 (.60)
[range 2-5]
M=4.10 (.75)
[range 2-5]
M=4.07 (.75)
[range 2-5]
M=4.16 (.67)
[range 2-5]
M=4.12 (.80)
[range 1-5]

Low: (1-2) Are passive in their approach to healthcare,
inactive i.e., they do not
proactively seek or clarify information and advice and/or
service options.
They accept information without question. Unable to ask
questions to
get information or to clarify what they do not understand.
They accept
what is offered without seeking to ensure that it meets
their needs. Feel
unable to share concerns. The do not have a sense of
agency in
interactions with providers.
High: (>2) Is proactive about their health and feels in
control in relationships with
healthcare providers. Can seek advice from additional
healthcare providers when necessary. They keep going
until they get what they want. Empowered.
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TABLE 4. – Continued
HLQ Scale

Matrix
Coding

Scale 7:
Navigating the
healthcare
system

findHCP

I can find the right healthcare

getHCPn

5-point Likert
Scale:
Always difficult/
cannot do = 1
Always easy = 5

decHCPn

I can get to see the health care
provider I need to manage my
health
I can decide which healthcare
provider I need to see
I can make sure I find the right
place to get the healthcare I
need
I can find the health care
services I am entitled to
I can work out what is the best
care for me
I can find information about
health problems
I can get information about my
health, so I am up to date with
the best information
I can get information from
several different places
I can get health information in
words I understand
I can get health information by
myself

rHCn
HCent
BFU

Scale 8: Ability
to find good
health
information

finfoH

5-point Likert
Scale:
Always difficult/
cannot do = 1
Always easy = 5

infoMany

utdHinfo

infoU
HIS

Items

Mean (m) with Standard
Deviation () and Minimum
and Maximum Values []
M=4.0 (.75)
[range 1-5]
M=4.15 (0.73)
[range 1-5]
M=4.07 (.71)
[range 2-5]
M=4.06 (.65)
[range 2-5]
M=3.84 (.81)
[range 2-5]
M=4.07 (.69)
[range 2-5]
M=4.07 (.69)
[range 2-5]
M=4.01 (.69)
[range 2-5]
M=3.95 (.85)
[range 2-5]
M=3.98 (.69)
[range 2-5]
M=3.52 (1.2)
[range 1-5]

Standard Interpretation of Scores (Osborne et al.,
2013)
Low: (1-2) Unable to advocate on their own behalf and
unable to find someone
who can help them use the healthcare system to address
their health
needs. Do not look beyond obvious resources and have a
limited
understanding of what is available and what they are
entitled to.
High: (>2) Able to find out about services and supports
so they get all their needs met. Able to advocate on their
own behalf at the system and service level.

Low: (1-2) Cannot access health information when
required. Is dependent on
others to offer information.
High: (>2) Is an 'information explorer'. Actively uses a
diverse range of sources to find information and is up to
date.
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Summary
Given the complexity of oncology care today and the known short duration of most
patient-provider visit, the ability to find good health information relies on effective
communication and the ability to ask and have questioned answered. Findings from this study
will inform the ongoing refinements of MDS Manager© as a prototype mHealth application and
research platform aimed at improving health self-management in older adult cancer survivors.
There are many challenges in effectively developing mHealth apps in a way that will foster
effective research, including the pace of technology innovation, rendering some apps obsolete
within months of development, the difficulty in applying traditional clinical trial design and
outcome measures to this technology given the pace of change, and the continual concern for
privacy security and confidentiality. Maximizing the real-time tailored bidirectional interface
capabilities of this technology holds immense promise for clinical practice and research, but will
require an integrated approach incorporating patients, their caregivers, researchers, information
technology experts, health care providers, health systems, payers and regulatory agencies to
ensure these technologies live up to this potential.
Although generalizability is limited by the small number of MDS Manager© users
participating in the post-implementation survey, the baseline characteristics of this group indicate
a strong association between existing use of mobile health applications, including MDS
Manager©, and the probability of continued use. Performance expectancy was increased, and
effort expectancy was decreased in MDS Manager© users, and the intention to continue
engagement with mHealth applications was significantly higher among MDS Manager© users
(p< .05). Continued engagement with mobile health applications was strongly correlated with
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both performance expectancy (r=.31-.36, p< .01) and effort expectancy (r= .34-.40, p< .01), as
would be expected based on the proposed model assuming use of any mHealth application.
The long-term goals of this research are to create a prototype mHealth application for
cancer survivors as a tool for health and illness self-management with the capability for
interactive support, data collection and research. Findings form this study will inform the
development of a theoretical framework for application of mHealth technologies tailored to
health self-management in cancer survivors, especially older adults. Furthermore, the
capabilities of this untethered technology in capturing real-time events, producing both
individual and aggregate data for analysis, and disseminating tailored interventions based on
these data to the mHealth user may transform health and illness self-management research and
practice. Creation of a virtual platform for nursing research provides an innovative strategy to
engage patients and caregivers across the globe. The ability to partner with established patient
advocacy groups enhances provision of tailored support to users of mHealth and eHealth
technologies and may improve health self -management.
Additional results are presented in three manuscripts that follow: 1) Paper One, Kurtin,
Badger, Reed & Shea (2019). Health Technology Interventions in Older Adult Cancer
Survivors: A Theoretical Framework, 2) Paper Two, Kurtin, Badger, Reed, Shea & Carrington
(2019). Developing a Virtual Nursing Research Platform Using Mobile Health Technology:
Methodological Considerations, and 3) Paper Three, Kurtin, et. al. (2019). Health Technology
Engagement and Communicative Health Literacy Among Patients Living with Myelodysplastic
Syndromes.
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Author
(Year)
Vollmer Dahlke
et al. (2015)

Purpose/Aim

Design

Sample

Results/Findings

Comments

1) To determine to what
extent mHealth apps
for health promotion
and disease
prevention are based
on health behavior
and communication
frameworks
2) To determine how
mHealth cancer
survivorship apps can
be designed
differently to be more
effective health
behavior change
interventions
3) Qualitative coding
methods to assess the
application of health
behavior change
theories – using an
mHealth cancer
survivorship
taxonomy

Use of mHealth
survivorship taxonomy
• Personalized
• Tailored
• Health behavior linkage
• Action/behavior linkage
• Intention formation
• Provide instruction
• Provide materials for
education
• Goal setting
• Self-efficacy
• Feedback on
performance
• Persuasion
(general/targeted)
• Social Influence
(passive)
• Opportunity for social
comparison (active)
• Mobilize social norms
(exposure to important
others

30 Cancer Survivors
from various racial,
ethnic, age, and
sociodemographic
backgrounds were
involved in the analysis

A total of 68 apps
were coded

Majority with
higher scores
developed by
cancer advocacy
groups, clinical
associations, and
academic
researchers

Only Apps that included
the word cancer in the title
or description – both iOS
and Android
Nasi,
Cucciniello, and
Guerrazzi
(2015b)

To review existing
studies on the actual role
and use of mobile
technology during the
different stages of care

Systematic Review
106 peer reviewed
published articles derived
from search strategy

N/A

Two raters for each
app
iOS = 36
inter-rater reliability
.86 (P<.001)
higher scores across
HBCT
greater functionality
Android = 32; interrater reliability .77
(P<.001)
Highest scores on
taxonomy (%) for both
platforms:
• Personalized (53%)
• Health-behavior
linkage (47%)
• Tailoring (44%)
• Provide instruction
(32%)
• Provide materials for
education (30%)
• All others below
30%
Total of 24 Apps for
cancer (17) or cancer
supportive care (7)
mHealth mainly used
for supporting data

Apps only in
English
Taxonomy is not a
validated tool

Authors conclude
that mHealth is
under-utilized in
cancer care and
should be applied

69
processes, with reference
to cancer supportive care

S. W. Davis and
Oakley-Girvan
(2015)

To summarize
the literature related to
mHealth apps for patient
education specific to
cancer and identify
current recommendations
from randomized studies

Published since 1999
23 journals, 9 databases

Systematic review

N/A

28 articles reporting on
mobile applications for
patients related to cancer
from prevention to
survivorship
Conducted in February
2014

Min et al. (2014)

To determine the
feasibility of an app for
sleep disturbance-related
data collection from
breast cancer patients
receiving chemotherapy.
A secondary objective
was to identify the
variables associated with

Feasibility study,
descriptive design
Required access to a
smartphone, able to
download the app
Android and iOS

30 Korean women who
planned to receive
neoadjuvant
chemotherapy for breast
cancer
March 2013 to July 2013

collection, monitoring,
and pain management

across the
continuum of care

Predominantly focused
on the treatment phase
of the care continuum
(20%), fewer focused
on decision-making
(<5%) or follow-up
(5%)
Only 3 RCT focused
on treatment or
survivorship – one of
these was simply use
of a mobile phone –
not an App
Managing
chemotherapy: In the
UK, a symptom
management system
using mobile phones
significantly reduced
specific symptoms
associated with
chemotherapy in lung,
breast, and colorectal
cancer patients
(Kearney, et al., 2009)
2700 daily push
notifications were sent
over the 90-day study
period via
smartphones.

Only 30
specifically
focused on cancer
and cancer
supportive care

Collection of 1215
self-reporting sleepdisturbance data items

Other studies in the
review did not
meet criteria of
native mHealth app
- interface
originated in webbased formats
Interventions in the
USA did not
describe tailoring
messages or
applications based
on culture,
language, or
ethnicity

Limitations:
Korean women
with breast cancer
at a single urban
tertiary cancer
center
Self-report
Missing data
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better compliance to
identify the optimal
subgroups to include in
future studies of
smartphone-based
interventions

Self-report their sleep
patterns, anxiety severity,
and mood status - daily
basis during the 90-day
study
period
Push notifications were
sent to participants daily at
9 am and 7 pm.
Beck’s Depression
Inventory (BDI)
EuroQOL (EQ5D-3L) –
HRQL

(overall compliance
rate=45.0%,
1215/2700 push-outs)
(mean age 45 years,
SD 6; range 35-65
years)
The median value of
individual patient-level
reporting rates was
41.1% (range 6.795.6%)
The longitudinal daylevel compliance curve
fell to 50.0% at day 34
and reached a nadir of
13.3% at day 90
Compliance was
higher in the group
that started within 1
day of training (30minute session) than
for those starting 2 or
more days later
(51.6%, SD 24.0 and
29.6%, SD 25.3,
respectively; P=.03)
Women without any
kind of employment
had higher rates of
compliance (P=.03)
24 patients included in
the follow-up to

Only patients
possessing a
smartphone with
app avidity
Engagement with
the technology
increased when
started
immediately after
training session.

71
determine reasons for
missing data

Fu et al. (2016)

To describe the
development and test of
The-Optimal-LymphFlow health IT system
(TOLF), a patientcentered, web-andmobile-based educational
and behavioral mHealth
intervention focusing on
safe, innovative, and
pragmatic electronic
assessment and self-care
strategies for
lymphedema
psychometric study
testing pencil/paper tools
in electronic format

Descriptive design
Feasibility and usability
testing
App developed through
heuristic evaluation with
15 experts based on key
elements of effective
mHealth design:
• Tailoring/targeting
• Access and interactivity
• Fidelity and transparency
• Patient-centered care and
autonomy
Measures:
• Breast Cancer and
Lymphedema Symptom
Experience Index
(BCLE-SEI - digital)
• Cronbach’s α = 0.959 for
the total scale, 0.919 for
symptom occurrence, and
0.946 for symptom
distress/QOL

Women who participated
in an online community
for Breast Cancer
Survivors who met
criteria
April 20, 2010-August
27, 2010
Feasibility testing
One-group, 12-week
pilot trial of 20 breast
cancer survivors to
evaluate feasibility and
efficacy of mHealth
interventions to enhance
self-care for
lymphedema symptom
management
Median age - 55.0
(55.9±11.7) (34.0–77.0)
Usability was tested in a
group of 30 breast
cancer survivors

Primary reasons for
missing data:
The app didn’t work
properly (n=9, 38%) I
forgot (n=7, 29%), I
didn’t think it was
useful (n=5, 21%), I
was too sick (n=2, 8%)
100% of participants
(n=20 for feasibility
and n=30 for usability)
provided unanimous
highly positive
qualitative feedback
around several themes:
Skills building, ease of
use, perceived
effectiveness,
Psychological benefits:
fear and
anxiety relief, enjoyed
the exercises, loved
the videos,
empowerment, high
quality of information
12 weeks post
intervention:
Participants reported
less pain/tenderness/
aching/soreness and
lymphedema
symptoms (χ2=6.40;
95% CI, 0.00–0.80;

Limitations:
General breast
cancer population
with access to
online forums for
recruitment
Patients with
lymphedema may
be motivated to
participate in
research on
lymphedema
related issues
Self-report
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P=0.022) from
baseline prior to
intervention

• Discriminant validity
established
• Self-Care Behavior
Checklist
• The Perceived Ease of
Use and Usefulness
Questionnaire
• Post Study System
Usability Questionnaire
• Narrative responses to
open-ended questions

Klasnja et al.
(2011)

To understand how
HealthWeaver Mobile
supports unanchored
work in comparison with
the HealthWeaver
website

Qualitative Descriptive
design; Open-ended
questions and user notes
HealthWeaver system
designed based on
extensive fieldwork with,
and design input from,
over 50 cancer
Patients. Includes a web
component and a mobile
component (Health Weaver
Mobile)

Nine breast cancer
patients
Age from 48 to 68 years
(mean=57.6,
median=57)
4-week study -JulyDecember of 2010

Android platform – can be
adapted to iPhone
Hochstenbach,
Zwakhalen,
Courtens, van

Development and
evaluation of
a technology based selfmanagement support

Descriptive design, one
group post-test only

Eleven cancer patients
Ages 20-76 years (M 53,
SD 15)

Significant decrease in
the count of
lymphedema
symptoms from
baseline prior to
intervention (median
=6; IQR, 2.25–9.50) to
12 weeks post
intervention (median
=1; IQR, 0.00–4.75)
(P=0.003)
HealthWeaver Mobile
effective for:
• accessing
information at the
clinic
• keeping health
calendars up to date
• recording and
looking up
information
throughout the day
• enabled participants
to manage health
information when
most convenient

Average completion
rates were 76.8% for
pain monitoring,
50.4% for medication

Participants felt
more confident
overall in their
ability to manage
their care-related
information

Limitations:
Connectivity and
software issues
limited some users
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Kleef, and de
Witte (2016)

intervention that aims to
improve pain control and
quality of life in
outpatients with
moderate to severe
cancer pain

Components of the patient
app included:
• Diary with directed
questions to be
completed twice per day
within a 4-hour
timeframe.
• Education – provided in
three sessions with
additional topics on
demand
• Text message capability
to send specific questions
to trained nurses
• Diary questions with mix
of yes/no, or 10-point
Likert Scale for pain
level
• 20-item questionnaire to
assess learnability (5
items), usability (6 items)
and desirability (8 items).
The questionnaire was
constructed for this
study, based on the
content of the three
categories – usability,
learnability, and
desirability

Cancer diagnoses: head
and neck (n= 4),
breast (n= 2), central
nervous system (n=2) or
other (n=3)

monitoring and 100%
for education
Reasons for not filling
out diaries included
not
being in time given the
time frame or not
being in the mood for
a day
Monitoring of ‘around
the clock’ medication
ranged from 0.0% to
96.4%
Reasons for limited
input included: not
taking the
iPad with them when
they left home, simply
forgot, connectivity
issues, 4-hour
timeframe limitation

from full
participation
Small sample with
limited scope of
cancer
types/treatments
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fall within the purview of its responsibility. (3) Selection of subjects is equitable. In making this
assessment the IRB should take into account the purposes of the research and the setting in which the
research will be conducted and should be particularly cognizant of the special problems of research
involving vulnerable populations, such as children, prisoners, pregnant women, mentally disabled
persons, or economically or educationally disadvantaged persons. (4) Informed consent will be
sought from each prospective subject or the subject's legally authorized representative, in accordance
with, and to the extent required by 46.116. (5) Informed consent will be appropriately documented,
in accordance with, and to the extent required by 46.117. (6) When appropriate, the research plan
makes adequate provision for monitoring the data collected to ensure the safety of subjects. (7) When
appropriate, there are adequate provisions to protect the privacy of subjects and to maintain the
confidentiality of data. (b) When some or all of the subjects are likely to be vulnerable to coercion
or undue influence, such as children, prisoners, pregnant women, mentally disabled persons, or
economically or educationally disadvantaged persons, additional safeguards have been included in
the study to protect the rights and welfare of these subjects.
• Eligible for Expedite Approval (45 CFR 46.110): Identification of the subjects or their responses
(or the remaining procedures involving identification of subjects or their responses) will NOT
reasonably place them at risk of criminal or civil liability or be damaging to the their financial
standing, employability, insurability, reputation, or be stigmatizing, unless reasonable and
appropriate protections will be implemented so that risks related to invasion of privacy and breach of
confidentiality are no greater than minimal.
• Non-Significant Risk Determination: As documented in the file, the IRB has determined that the
device is non-significant risk as the device is not intended as an implant; the device is not purported
or represented to be for use in supporting or sustaining human life; the device will not be used in
diagnosing, curing, mitigating or treating disease, nor does it otherwise prevent impairment of human
health; the device's use is for a scientific indication only; and the device does not otherwise present a
potential for serious risk to the health, safety, or welfare of the participant.
• Expedite Approval (45 CFR 46.110 Category 1(b)(i)): Research on medical devices for which an
investigational device exemption application (21 CFR Part 812) is not required.
• Expedite Approval (45 CFR 46.110 Category 6): Collection of data from voice, video, digital, or
image recordings made for research purposes.
• Expedite Approval (45 CFR 46.110 Category 7): Research on individual or group characteristics
or behavior (including, but not limited to, research on perception, cognition, motivation, identity,
language, communication, cultural beliefs or practices, and social behavior) or research employing
survey, interview, oral history, focus group, program evaluation, human factors evaluation, or quality
assurance methodologies.
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This project has been reviewed and approved by an IRB Chair or designee.
• No changes to a project may be made prior to IRB approval except to eliminate apparent
immediate hazard to subjects.
• The University of Arizona maintains a Federalwide Assurance with the Office for Human
Research Protections (FWA #00004218).
• All research procedures should be conducted according to the approved protocol and the
policies and guidance of the IRB.
• The current consent with the IRB approval stamp must be used to consent subjects.
• The Principal Investigator should notify the IRB immediately of any proposed changes that
affect the protocol and report any unanticipated problems involving risks to participants
or others. Please refer to Guidance Investigators Responsibility after IRB Approval and
Reporting Local Information.
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Abstract:
Cancer survivors are expected to actively engage in health self-management, increasingly
using online or mobile health applications. Active engagement in seeking information and
participating in decision making about health (communicative health literacy) may extend
survival, improve quality of life, increase options for treatment and effectively mitigate the
severity of symptoms. Health technology engagement and communicative health literacy may
improve health self-management. Yet, theoretically derived models for these outcomes in cancer
survivors, especially in the older adult, are lacking. A theoretical framework for health
technology engagement, communicative health literacy and health self-management in adult
cancer survivors is proposed.
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Introduction
Cancer survivors are expected to exceed 19 million by the year 2020, with more than 11
million of those survivors being over the age of 65. Several contemporary health care trends,
including value-based care models and regulatory and accreditation requirements, place an
emphasis on engaging older adult cancer survivors in health self-management, including the use
of health technology. Empowering cancer survivors with strategies, tools, and knowledge to
self-advocate and self-manage health and illness, requires communicative health literacy, a
multidimensional, interactive, malleable and continuous process that informs decision making
and actions taken to for health self-management. Engagement in decision making may expand
treatment options, improve management of symptoms, may extend survival, and improve quality
of life (Watson, 2015).
Cancer in the older adult will remain a predominant health care concern. Cancer
survivors and their caregivers want information to manage their health, yet effective health care
provider-patient communication is lacking, and information alone does not ensure effective
health self-management. It is not surprising that health technology interventions targeting cancer
survivors continue to expand to meet this challenge, yet most of these technologies lack end-user
input in the development process. Theoretically derived health technology interventions aimed
at improving health-self management in cancer survivors that are guided by the principles of
both behavioral and informatics theory and research are lacking. Understanding the process of
health self-management in the era of heath technology in cancer survivors requires theoretically
derived and disciplined research to systematically inform a foundation of knowledge necessary
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to guide research. A theoretical framework for health technology engagement, communicative
health literacy and health self-management in adult cancer survivors is proposed.
Development of a Theoretical Framework to Guide Health Technology Interventions.
Theoretical foundations in nursing research provide the means to systematically evaluate
hypothesized phenomena based on established conceptual representation of relationships, causal
factors, and outcomes of human processes or attributes. Theories and the concepts and
relationships within them provide a structure for analyzing hypothesized relationships in a way
that can be replicated, validated, and applied to the ontology of nursing. In the absence of a
theoretical foundation, it is difficult to validate research outcomes in a way that can be applied.
The metaparadigm of nursing posits an inter-relatedness between person, health, nursing and
environment (Reed & Shearer, 2011). These constructs provide a framework for knowledge
development and evidence-based practice (Reed & Shearer, 2011). Based on the process of
theory reformulation and theoretical substruction, a framework for health technology
interventions is proposed to improve health technology engagement, communicative health
literacy and health self-management in adult cancer survivors (FIGURE 1). The framework
includes the key constructs of health self-management, technology engagement, and
communicative health literacy. Each of these constructs are considered within the dynamics of
adult cancer survivorship.
Cancer survivorship, by definition, implies living with cancer, in many cases over
extended periods of time, and often with periods of transition due to changes in health that
expose the cancer survivor to vulnerability. The shift from a paternalistic model of health care
delivery to one that places emphasis on patient engagement, patient-reported outcomes, and

83
predominantly outpatient and episodic delivery of care, has placed the patient and their
caregivers in a position of vulnerability with the expectation that they will take the primary role
in managing their care despite having little or no formal training. The dynamic continuum of
health and illness with physical, cognitive, emotional, and behavioral attributes that are
interrelated place the cancer survivor at risk due to either temporary or sustained stressors.
Stressors and vulnerability can mobilize an individual to engage in their care and feel a sense of
empowerment, yet, an individual’s ability to withstand these stressors and maintain a positive
state of health is complex, dynamic, and determined by access to or ownership of physical,
emotional, and socioeconomic resources, and the freedom and capacity to make independent
decisions about their exposure to and reaction to risk. The ability to mitigate this risk is largely
based on perceptions of the capability to engage in self-management activities and the
expectations relative to the outcomes of this engagement.
Taking an active role and making informed choices about health and illness requires
access to information, the ability to process information, and finally to articulate wishes based on
the information at hand.

Living with a cancer requires life-long learning to effectively mitigate

adverse events and improve quality of life, even if survival is not extended. Active involvement
of the patient and their caregivers in managing their health may results in extended survival.
Inequalities in communication may place the cancer survivor at an increased risk of inferior care
and may support a fatalistic view of their cancer diagnosis, particularly when there is no cure for
their disease (Kobayashi & Smith, 2016). These trends underscore the need to engage the
patient and their caregivers in expressing their wishes and taking a part in the management of
their health, including engaging in health technology as a tool for health self-management.
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Effective health self-management, therefore, is reliant upon self-efficacy in managing health and
illness and is largely based on self-perceptions.
Health Self-Management
Health and illness self-management imply an active process and behavioral change over
time (McCorkle et al., 2011). Health and illness, including cancer, occur along a continuum of
variable risk and vulnerability, are strongly influenced by engagement in health behaviors, and
ultimately behavior change over time. This dynamic process implies shifting priorities and
levels of engagement with health care providers, services and systems. Behavioral adaptation is
necessary to effectively mitigate potential risks and periods of vulnerability along the continuum
of health and illness (Ajzen, Brown, & Carvajal, 2004). Behavioral intention, an indication of a
person's readiness to perform a given behavior, is the immediate antecedent of behavior change,
and is largely based on self-perceptions (Ajzen et al., 2004).
The Theory of Planned Behavior(Ajzen et al., 2004), Social Cognitive Theory (Bandura
et al., 1977), Self-Efficacy Theory (Bandura, 1977), and The Unified Theory of Acceptance and
Use of Technology 2 (UTAUT2) (V. Venkatesh, Thong, & Xu, 2012) were used to inform
development of a framework for health technology engagement and communicative health
literacy as antecedent to health self-management. Each of these theories are grounded in the
belief that there is a human capacity to learn, to communicate, and to change behavior. Behavior
change implies preceding behavioral intention and subsequent action (Ajzen, 2011).
The Theory of Planned Behavior posits that intention is largely dependent on attitude
toward the behavior and perceived behavioral control, although a gap between intention and
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action with measurable changes in behavior has been noted (Ajzen, 2011; Ajzen et al., 2004;
Pinto & Floyd, 2008). Health technology engagement, communicative health literacy and health
self-management imply action and changes in behavior.
At the core of Social Cognitive Theory is the concept of self-beliefs or perceptions
(Bandura, Adams, & Beyer, 1977). Social Cognitive Theory posits that human functioning is the
result of the constant interaction between personal, environmental, and behavioral influences
(Bandura et al., 1977). Self-reflection, essentially a culmination of experiences that allow an
individual to integrate past experiences in shaping their self-perceptions, is critical to continual
adaptation to experiences. Mastery of this repertoire of skills and knowledge over the course of
an individual’s life (self-efficacy), is largely a product of successes and failures, exposure to
others who are successful (role modeling or visual persuasion), or who are perceived to be
knowledgeable or influential (verbal persuasion) (Bandura, 1977). Self-efficacy, defined as a
person’s perception of their ability to attain a goal or master threats to stability, is the most
important determinant of human agency, the mitigation of stressors or risk, and behavior change
(Bandura, 1989). Self-efficacy beliefs provide the foundation for human motivation, well-being,
and personal accomplishment (Bandura, 1977). Self-efficacy expectations and outcome
expectations are informed by performance expectancy, verbal persuasion, role modeling,
psychological feedback, person and environment. Outcome expectations are the perceived
outcome or benefit of accomplishing goals. These components are separated because an
individual might see an outcome as producing a positive effect, but it will not have an impact if
its accomplishment is not seen as attainable.
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Health self-management is self-efficacy in managing health and implies a continual and
active process of behavioral adaptation necessary to effectively manage health and illness. Selfefficacy, outcome expectations, and performance expectancy are integral to health selfmanagement, health technology engagement and communicative health literacy. Health
technology engagement and communicative health literacy and are informed by role modeling
and verbal persuasion and are correlated with health self-management.
Health Technology Engagement
Health informatics as an evolving field, is rooted in information science which
incorporates elements of cognitive science, communication science, computer science, library
science, and social science. Information science implies the processing and exchange of
information, and the relationship between humans and technology. Technology engagement is
most often associated with experience with technology, or technology proficiency (MagsamenConrad, Upadhyaya, Joa, & Dowd, 2015). Engagement in online/digital health (eHealth) and
mobile health (mHealth) technologies is associated with active engagement in health (Bass et al.,
2006). Low health literacy is associated with lower access to and use of digital technology and is
strongly associated with a decreased capability for searching for health information online and
accessing preferred sites (communicative health literacy) (Manganello et al., 2016). Health
communication strategies and health information technology to improve population health
outcomes and health care quality are integral to health promotion and risk reduction. Health
technology engagement is proposed as a form of behavioral intention. Therefore, health
technology interventions guided by theoretical principles of behavioral intention, self-efficacy,
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and communicative health literacy, with consideration of the unique needs of the older adult
cancer survivor will inform the scientific inquiry of health self-management in chronic illness.
The UTAUT was derived from eight theories thought to represent models of individual
acceptance and use of technology including: 1) Theory of Reasoned Action, 2) Technology
Acceptance Model (TAM), 3) Motivational Model, 4) Theory of Planned Behavior (TPB), 5)
Combined TAM-TPB (C-TAM-TPB), 6) the Model of PC Utilization (MPCU), 7) Innovation
Diffusion theory (IDT), and 8) Social Cognitive Theory. The UTAUT model was developed
using structural equation modeling and was subsequently tested using the UTAUT scale which
explained 70% of the variance in usage intention, better than any of the other 8 models alone.
More recently, the UTAUT2 was developed with a specific focus on technology use by
consumers. Although it is not specific to health technologies, most core concepts are derived
from theories commonly used in the evaluation of health behaviors and chronic illness. Two
concepts, performance expectancy (perceived usefulness), and effort expectancy (perceived ease
of use), consistent with the tenets of Social Cognitive Theory, are particularly relevant to health
technology engagement (Magsamen-Conrad et al., 2015).

In addition, contextual factors or

environmental factors, provide the structure for planning, designing, implementing and
evaluating health technology (Chen et al., 2015). These include culture, socioeconomic and
physical factors. Relevant data about the person, the end user of technology, should include the
principles of human factors including expected behaviors in using health technology, key aspects
of effort expectancy and performance expectancy.
Health technology engagement is the active use of eHealth and mHealth technologies to
improve health, manage illness, and engage in decision-making about health. Performance
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expectancy or perceived usefulness is the degree to which using health technology will provide
benefits to users in performing certain activities (Magsamen-Conrad et al., 2015). Effort
expectancy reflects perceived ease of use. Performance expectancy and effort expectancy
directly affect health technology engagement, a form of behavioral intention. Health technology
engagement may improve health self-management, empowering patients and their caregivers to
take an active role in their health, build health self-management competence and confidence
(self-efficacy), and improve health communication skills (communicative health literacy).
Communicative Health Literacy
As the healthcare landscape has changed from a more paternalistic model to one that
expects patients and their caregiver to take responsibility for their care, and digital technology
has become predominant, the definitions of health literacy have evolved to reflect different levels
of cognitive, interpersonal, social skills and degrees of engagement (Nutbeam, 2008).
Communicative or interactive health literacy implies an active dynamic process of information
seeking to obtain the knowledge and skills necessary to make informed decision and take an
active role in self-care. Communicative health literacy influences health outcomes including
access to and utilization of health services, interactions with health care providers and systems,
health self-management and caregiving skills, and participation in shared decision-making
(Batterham, Hawkins, Collins, Buchbinder, & Osborne, 2016). Health literacy implies a
common language based on the science of health and illness. It is a complex and dynamic
process, and therefore not solely dependent upon any one factor. For example, an individual
with years of education will not necessarily have a higher level of communicative health literacy.
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The term health literacy will be used interchangeably with communicative health literacy in this
discussion.
Health literacy is largely based on perceptions derived from knowledge, or lack of
knowledge, gained through information seeking and interactions with others. This includes the
ability of individuals to effectively access, understand and synthesize digital health information
(Jordan, Buchbinder, & Osborne, 2010).

Therefore, communicative health literacy is proposed

to be a malleable multidimensional process that plays a critical role in technology engagement
and in health self-management.
Communicative health literacy is the degree to which individuals have the capacity to
obtain, process, understand, evaluate, communicate and apply information to make informed
decisions about their health. This implies information seeking and an active process of
engagement in health self-management. Information seeking, information processing and health
communication skills, components of communicative health literacy, are pre-requisite to
effective health self-management.
Discussion and Summary
Theoretically derived methods for investigating the reality of cancer survivorship are
necessary to build a coherent body of knowledge to guide nursing research and practice.
Theoretical models are essential to organize and interpret heuristically derived knowledge.
Nurse scientists must either apply or adapt existing theoretical or conceptual models or generate
new ones, whether within nursing or related sciences, to achieve the best fit for the research
question. Theory development strategies, such as reformulation and theory substruction, and
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continued rigor in conceptualization of phenomena, provide methods to inform a coherent
conceptualization of a given lived reality and begin to integrate these discoveries into the
epistemology and ontology of nursing (Reed & Shearer, 2011).
There is a plethora of theoretically based nursing and health sciences research focused on
chronic illness and health behaviors, including self-management. However, there is a paucity of
research guided by theories grounded in both informatics and nursing science relative to health
technology engagement, communicative health literacy and health self-management. The access
to information, a social determinant of health, is critical to empowerment and represents a key
area of continued health disparity (Koh, Baur, Brach, Harris, & Rowden, 2013; Nutbeam, 2008).
Furthermore, the access to and ability to process and apply information, including using health
technology, is prerequisite to communicative health literacy and health self-management.
Communication implies an interactive process that requires both the receiver of information and
the person delivering the information to have at minimum a common understanding of the goals
of the interaction. Tailoring of information to achieve that goal will improve health literacy yet
preparing health care providers to assess health literacy and communicate in a way that facilitates
improvement of health literacy remains a key gap in professional education and development.
This may be in part, due to the continued narrow view of health literacy as being limited to
readability, writing and basic language skills.
Communicative health literacy and health self-management are behaviors that imply
action and as such should be measured as multidimensional social constructs guided by
theoretically derived definitions. Nutbeam (2008) eloquently describes the evolutionary
challenge of building core constructs that will inform the theoretical development of health
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literacy science and its place in the overarching science of health and illness, both in the clinical
realm in in public health. This process requires a multi-step process of theory generation,
starting with the identification of the attributes thought to be associated with health literacy, but
more importantly, how these attributes are applied to improve health (Logan, 2017; Pleasant,
2016). Cancer survivors are faced with continual challenges in achieving and maintaining
optimal health. Being an informed consumer of health information is the expected norm.
Interventions that are guided by the principles of health literacy and health selfmanagement as behavioral outcomes may provide guidance in the development of tailored
programs for education and training of cancer survivors and individuals or systems that deliver
health services.

Health technology interventions have expanded rapidly with the advent of the

electronic health record, patient portals, and mobile health applications. Online searches are the
predominant method for seeking health information today. Yet, most health technology
interventions are not guided by the principles of human-technology design. Human factors
including physiological, cognitive, and social factors and task complexity are particularly
important in the design of technology for use by older adults. Consideration of these factors and
inclusion of older adult cancer survivors in application design and pilot testing will be critical for
development or refinement of eHealth and mHealth applications. Bidirectional communication
that is tailored to the individual will be a critical feature in designs aimed at improving healthself management while fostering behavior adaptation to survivorship across the continuum of
care. Tools to analyze the usability of the health technology remain an ongoing gap. However,
analyzing the outcomes of these interventions relative to health technology engagement,
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communicative health literacy and health self-management may offer insight into the
effectiveness of the individual interventions.
Through the process of theory reformulation and theory substruction, a theoretical
framework for health technology engagement, communicative health literacy and health selfmanagement in adult cancer survivors is proposed (Figure 1). This framework and the constructs
of health technology engagement, communicative health literacy and health self-management
will require testing using validated tools to evaluate the association between and among these
variables relevant to health technology interventions. In addition, the impact of any moderating
factors, such as age, gender, socioeconomic, or technology related human factor will need to be
evaluated to further develop this model.
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Figure 1: Theoretical framework for Health Technology Engagement, Communicative Health
Literacy and Health Self-management in Adult Cancer Survivors
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Abstract

The process for development of a prototype mHealth platform for older adult cancer survivors as
a tool for health and illness self-management with the capability for interactive support, data
collection and research will be used to illustrate methodological considerations in design.
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Introduction
Health technology, including mobile health (mHealth) and online health (eHealth)
platforms, and general internet access for health has become pervasive. Seeking information
online about health to improve understanding, enable shared decision-making, and enhance
health self-management is commonplace. Google® processes over 3.5 billion searches per day
and 1.2 trillion searches per year worldwide. Seeking information about cancer is the most
common health related search topic cited by Google®. Cancer survivors over the age of 65 are
expected to reach 11 million by the year 2020, a 42 percent increase since 2010 (Siegel, Miller,
& Jemal, 2017). Cancer survivors, like many patients with chronic diseases, are expected to
actively engage in health self-management, increasingly using online or mHealth applications.
Yet, research initiatives aimed at understanding technology use for health self-management in
cancer survivors, particularly the older adult, are lacking (Gordon & Hornbrook, 2016; Vollmer
Dahlke et al., 2015).
Active engagement in seeking information and participating in decision making about
health (communicative health literacy) may extend survival and improve quality of life (Basch et
al., 2017). Communicative health literacy may increase options for treatment and effectively
mitigate the severity of symptoms (Watson, 2015). Health technology engagement and
communicative health literacy may improve health self-management (Watson, 2015). A critical
review of six commonly used self-management programs for cancer survivors suggested four
key recommendations for self-management research relative to cancer survivors: 1) tailored
interventions, 2) integration of technology, 3) a broader scope of outcomes analysis to include
patient outcomes, clinical outcomes, and regulatory/policy outcomes, and 4) combined objective
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and subjective measures (Gao & Yuan, 2011). Understanding human factors and design features
associated with health technology engagement and continued use provides a critical foundation
for development of mHealth applications, particularly tailored for older adult cancer survivors.
Creating a virtual research platform using mHealth technology requires innovation in design to
maximize data usage, both quantitative and qualitative, while maintaining the safety and integrity
of the system.
The purpose of this manuscript is to describe the process for development of a
theoretically derived mHealth research platform to improve health technology engagement,
communicative health literacy and health self-management in older adult cancer survivors.
Methods for development of a prototype mHealth application, MDS Manager©, including a
companion online research platform will be described.
About MDS Manager©: A Prototype mHealth Application
Myelodysplastic Syndromes (MDS) represent a heterogeneous group of incurable
myeloid malignancies characterized by variable prognosis, disease trajectory, and options for
treatment (Steensma, 2015). The average age at diagnosis is 73 (Cogle, 2015). Co-morbidities
are common in patients with MDS and have prognostic significance (Kurtin, 2016; Naqvi et al.,
2011). Most care for the MDS patient is provided in the outpatient setting, is episodic, and relies
heavily on the ability of the patient and their caregivers to manage their care, report symptoms,
and seek information to assist them in performing these tasks. Therefore, empowering the
patient and their caregivers to make informed choices about their care, track and report health
and illness information, and develop the skills and knowledge to take an active part in their care
is imperative to improved outcomes. mHealth applications (app) offer a tool for organizing
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health information in a way that can be easily retrieved for discussion with HCPs, family and
friends.
Owning or having access to health technology (computer, tablets, smartphone, with
internet access) is pre-requisite to health technology engagement. An Internet-based Survey
Monkey survey was conducted by the MDS Foundation (MDSF) between April 2015 and June
of 2015 and reposted between March 2016 and November of 2016. The goal of the survey was
to explore MDS patient and caregiver health technology use, and preferences for education and
support. When considering technology use among MDS patients (n=110) and their caregivers
(29), 78% used a smartphone daily (72%) or often (5%). Tablet use (iPad, Kindle, Samsung)
was less common (33% daily, 14% often). Use of patient portals for the electronic health record
were reported by 73% (38% daily or often, 35% rarely) of survey participants. Seventy-eight
percent of respondents reported seeking information about MDS online (Kurtin, 2015).
MDS Manager© is a newly developed mHealth app for smartphones or tablets aimed at
empowering MDS patients and their caregivers. The app includes several features to access
resources tailored to the MDS survivor, improve communication with and among providers, log
symptoms, and track their response to treatment. Data collection capabilities are imbedded in the
application. Users who download MDS Manager© must review a disclaimer statement
explaining the security features for protection of personal health information. Data for users that
have opted in to using MDS Manager© is streamed to a secured data base that is de-identified but
allows the user to retrieve and review their individual information on their device or on a secured
website maintained by the MDS Foundation. Users may use more than one device, with data
being synced via the database in real time based on their secured log-in.
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Theoretical Foundations for mHealth Application Based Nursing Research
Despite a renewed focus on mHealth apps for older adults, with an estimated 53% of all
new apps in development targeting this group, a gap remains in theoretically derived applications
guided by the principles of both behavioral and informatics theory and research (Informatics,
2015; Nasi, Cucciniello, & Guerrazzi, 2015). Without a theoretical foundation it would be
difficult to accurately measure concepts, infer causation, describe how causative factors affect
the problem directly or indirectly, delineate mechanisms and processes linking the causative
factors with the presenting problems within the context of these processes, and effectively
communicate these findings in a way that they are generalizable. Development of a theoretical
framework to guide research focused on health technology engagement, communicative health
literacy and health self-management in older adult cancer survivors is described elsewhere
(Kurtin, Badger, Reed & Shea, 2019).
The User Experience: Principles of mobile health application design
Although technology today has the potential for integration into almost every aspect of
daily life, this capability does not imply successful use or application. It is intuitive to surmise
that tools that are difficult to use are less likely to be used unless there are no alternatives and the
risk of non-use implies unfavorable outcomes. Inherent in any human-technology interface is
task execution (Boy, 2011). Health technology engagement implies action (behavioral
intention). Engagement in health technology is associated with the belief that the technology is
useful (performance expectancy) and will not be too complicated to use (effort expectancy).
Performance expectancy is the strongest predictor of behavioral intention relative to technology
engagement (Venkatesh, Thong, & Xu, 2012).
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In addition to the basic principles of the human-technology interface design, the user
experience must be considered. Of the 165,000 mHealth apps identified in a recent analysis
conducted by the Institute for Health Care Informatics, only 9% were focused on specific disease
management with less than 1% mentioning cancer as the primary diagnosis (Informatics, 2015).
The apps in this analysis were available at either Apple or Google stores, with 40% of these
averaging only 5,000 downloads, and less than 45% demonstrating sustained use of more than 30
days. The majority of mHealth apps in this review (>50%) lack bi-directional interactive
capabilities and were limited to a single function including providing information or allowing the
user to record information only (Informatics, 2015). Only 9% of the mHealth apps evaluated in
this report allowed for user output with a mere 2% allowing external communication.
Although data suggest older adults have increasing access to technology, engagement and
continued use of the technology varies. In a national survey of 3,677 adults who owned either a
smartphone or tablet, 36% (n=2300) had downloaded an mHealth app. Among those having an
mHealth app on their device, 60% (n=816) used them to assist in achieving their health-related
goals, for making decisions about their health (35%) and to guide their questions for health care
providers, including seeking a second opinion (38%) (Bhuyan et al., 2016). Analysis of factors
associated with the use of online resources patient portals, mobile health applications and other
health technology among adults aged 65 or older reflects conflicting trends over the last five
years. Analysis of a large and diverse group of patients within the Kaiser Permanente system in
Northern California found that Adults over the age of 70 are less likely to register or use patient
portals, send messages, view lab test results, or order prescription refills, than their younger
counterparts (age 65-70) (Gordon & Hornbrook, 2016). Ethnicity had an impact on health
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technology engagement across all age groups with non-Hispanic whites and Chinese seniors
significantly more likely than African American, Latino, and Filipino seniors to use health
technology (Gordon & Hornbrook, 2016). Subjects who lived in rural areas, were older, or had
higher incomes, were less likely to download mHealth apps at all indicating continued gaps in
fully understanding engagement in mHealth.
Krebs and Duncan (2015) evaluated 1604 mobile phone users in the United States. Of
these, 58.23% (n=934) had downloaded an mHealth app. Factors associated with downloading
an app included obesity, younger age, being Latino/Hispanic, higher income, and higher
education level (all p<.0.5). Reasons for not downloading an app or for discontinuing use of a
downloaded app included lack of trust, no perceived benefit, concern for data usage fees, data
entry burden, lack of intuitive design/lack of ease of use, and loss of interest. Although this study
focused primarily on a younger population and diet and exercise applications, these potential
barriers will likely apply across populations based on established principles of behavioral
intention, human-technology interface and mHealth usability.
The user experience is pre-requisite to mHealth effectiveness as a health-enabling
technology. If the user burden is too great, the app is not likely to be successful. Engaging users
in the testing and design of health enabling technologies is imperative to success (Parameswaran,
Kishore, & Li, 2015). If the design is not intuitive or does not reflect the decision-making
process of people it intends to serve, the user will not have confidence, and will not trust it as a
modality to improve self-management. Most patients with MDS are over the age of 70.
Accommodations specific to the older adult user will be critical to the design of MDS Manager©,
including consideration of handedness, font size, backlighting, color (colorblindness), ease of
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task completion, icon size and design (Baig, GholamHosseini, & Connolly, 2015; Boulos,
Brewer, Karimkhani, Buller, & Dellavalle, 2014; Caillet et al., 2011). Additional factors for
consideration when evaluating elements of humanness, usability and accommodation in design
of mHealth technologies are the power of social support and incorporation of a continuum-based
focus for health and lifestyle management technologies. Inclusion of caregivers in the
developmental process would improve the likelihood of use by improving social influence and
facilitating conditions (Venkatesh et al., 2012).
Human-technology interface design
The AUTOS (Artifact, User, Technology-user interface, Organization, Situational
factors) framework provides a method for applying the principles of human-centered design and
engineering to mHealth technology (Boy, 2011). This framework was used together with recent
extant literature to guide initial development of MDS Manager© (Table 1).
Artifact or the system from a user’s viewpoint incorporates reliability, functionality,
interface simplicity, complexity, situational awareness and product maturity. Elements found to
be critical for the design of MDS Manager© include selection of the operating system for
smartphones and tablets, testing of the user interface including ease of use and consistency. In
addition to the user experience, consideration of cognitive factors that are particularly relevant to
older adult cancer survivors in terms of decision making and reasoning, will impact health
technology engagement and communicative health literacy (Lindblom, Gregory, Wilson, Flight,
& Zajac, 2012). Consideration of the common changes of aging including vision, tactile
sensation, fatigue and effects of co- morbidities will be critical to the design and evaluation. The
technology-user interface is essential for establishing usability of the application (Boy, 2011).
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The ability of the technology to deliver the expected output is critical to establishing
reliability, limiting task complexity, testing the technology interface, and improving
functionality. The ability for MDS patients and their caregivers to download and use MDS
Manager© and receive assistance through available support networks is essential to continued
use. Involving the end-user in app development and incorporating the end-user’s
recommendations for modifications of the app is proposed to improve both effort expectancy and
performance expectancy (Klasnja, Hartzler, Powell, & Pratt, 2011). Acknowledgment of the app
by health care providers and other influential people (organizational environment and situational
factors) must be considered in the design and of mHealth applications. mHealth applications that
were prescribed by a health care provider were used more consistently and over longer periods of
time than those that were not prescribed by a health care provider.
Pilot Study
Pilot testing to engage end-users in the design of MDS Manager© was used to facilitate
refinement of MDS Manager© prior to releasing the application to general users and initiating the
larger prospective descriptive, correlational study. Kurtin (2017) evaluated the feasibility and
functionality of MDS Manager© in a pilot study including 11 patients and their caregivers living
with MDS (median age 68.5, range 56-81 years). Participants were recruited through The MDS
Foundation. All testing was conducted in English. Participants were required to have regular
access to a smartphone or tablet with access to a phone network or internet, and a Google
account. The goal of the pilot testing was to evaluate the feasibility and usability of MDS
Manager© as a mHealth app, therefore, patients and caregivers were combined in the analysis.
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Two 4-week pilot sessions were conducted between August 19, 2016 and October 20,
2016. Each pilot session included a series of weekly tasks aimed at testing the functionality of
MDS manager. At the end of each week, a conference call was held to gain input from the
participants about their experiences using MDS Manager and any suggestions for modification to
the app. Participants were also asked to complete weekly surveys to assess their experience with
MDS Manager. Most participants (82%, n=9) found the download process for MDS Manager©
easy, and most (82%, n=9) had an existing Google account (73%) or registered for a new one
(10%), implying a certain level of technology proficiency. Entry of specific disease and
treatment information took the most time (up to 60 minutes) and was noted to be easy (40%),
somewhat easy (10%) or somewhat difficult (40%). Access to resources including clinical trials
information via the app was noted as very easy (83%), and effective (34%) or very effective
(34%) by most users, emphasizing the potential for improving access to clinical trials. Overall
rating of MDS Manager© was noted to be very effective (34%), somewhat effective (50%), or
somewhat ineffective (16%) in the pilot study.
Overall, MDS Manager© provided a useful tool for patients and caregivers living with
MDS. One of the first recommendations of the pilot group was to provide a user guide for the
app. A user guide and online tutorials were created for the expanded MDS Manager© Study.
The use of tutorials and user guide for health technology is likely to improve effort expectancy
and performance expectancy (Bass et al., 2013). Tailored information specific to reported
symptoms or problems in the form of a pop-up message, a brief message acknowledging the
symptom or problem with links to resources, has been incorporated into the symptom tracker for
MDS Manager© and is proposed to enhance health self-management. The ability to review
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information entered into the app on a larger computer screen in table or graphing formats with
ability to download and print this information is incorporated to increase the ability of the user to
share that information with family or with health care providers, thereby improving
communicative health literacy. Built in links tailored to the needs of the individual user is
proposed to improve performance expectancy and communicative health literacy. Bi-directional
functionality as opposed to data entry and review only is proposed to foster heath technology
engagement and communicative health literacy.
Design of a mHealth Virtual Nursing Research Platform
Despite the robust pace of mHealth development, there is a paucity of published data
specific to mHealth based research platforms. The amount of data generated by these platforms
is staggering, yet, the scientific rigor for evaluating the benefits or risks of these platforms and
the validity and reliability of the data generated is lacking. Furthermore, the application of these
data to nursing and/or informatics science or practice is limited by the absence of theoretically
derived research designs and limited validated tools for measurement of outcomes.
Based on feedback obtained from the pilot study and consideration of the theoretical
framework and principles of mHealth design, MDS Manager© was updated and launched to the
public in March 2018 in both Android and IOS platforms for smartphones and tablets. It was
also introduced at a series of patient forums conducted by The MDS Foundation and advertised
on the MDS Foundation website. In addition, the infrastructure necessary to conduct a virtual
research study was created including a study portal housed on the MDS Foundation website.
MDS Manager©, an MDS Manager© Study Portal, an MDS Manager© Administrative
Dashboard, and an MDS Manager© Gmail account provided the virtual research platform (Figure
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1). The website for the MDS Foundation is rich in resources aimed at assisting the patient and
their caregivers in understanding the diagnosis and treatment of MDS. Linking MDS Manager©
to a database with dashboard capabilities enabled review of the data by individual and in
aggregate in real time. The MDS Manager Study portal includes several resources to provide the
user with strategies for living with MDS. Push notifications focused on encouraging the user to
access selected resources and features of MDS Manager© using their mobile device.
Measurement of concepts
Validated tools were derived from review of the extant literature and analysis of fit with
the theoretical framework with consideration of the core constructs of performance expectancy,
effort expectancy, health technology engagement, communicative health literacy, and health selfmanagement (Table 2). Items for measurement of performance expectancy, effort expectancy
and health technology engagement were adapted from the UTAUT2 tool, a twenty-seven item 7point Likert-type scale, ranging from 1 = strongly disagree to 7 = strongly agree with Cronbach’s
alpha of .91-.94 for items specific to health technology engagement (intention) (Venkatesh et al.,
2012). Convergent and discriminant validity have also been established. In addition, the number
of MDS Manager© events will provide information relative to health technology engagement and
continued use.
The Health Literacy Questionnaire is a 43 item Likert scale with 1 being the negative end
of the scale and 7 being the positive end of the scale. The HLQ covers 9 conceptually distinct
areas of health literacy to assess the needs and challenges of a wide range of people and
organizations. Each subscale can be used independently without compromising the reliability
and validity of the tool. Cronbach’s alpha is reported at > .84 for scales used to measure
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communicative health literacy. The subscales relevant to communicative health literacy and
health self-management include: 1) Feeling understood and supported by health care providers
(0.88), 2) Actively managing my health (0.86), 3) Social Support for health (0.84), 4) Ability to
actively engage with healthcare providers (0.90), 5) Navigating the health care system (0.88), 6)
Ability to find good health information (0.89). Technology engagement will be measured by
task completion, number of data access events, and number of access points for each MDS
Manager© element, all retrievable on the administrative dashboard. Qualitative assessment will
include free-text entries to open-ended questions on the survey-monkey surveys. Qualitative
descriptive methods using thematic analysis by aggregating the qualitative data, developing
themes, and identifying targets of the themes relative to the research will serve to augment the
findings of the quantitative analysis as well as enhance the understanding of older adults using
mHealth technology for health self-management (Meier, Boivin, & Meier, 2008; Sandelowski,
2010).
Discussion
The pace at which mHealth applications are being developed for chronic illnesses,
including cancer is staggering. Yet, mHealth as it relates to health self-management in older
adults is in its nascent phase. There are many challenges in effectively developing mHealth apps
in a way that will foster effective research, including the pace of technology innovation,
rendering some apps obsolete within months of development, the difficulty in applying
traditional clinical trial design and outcome measures to this technology given the pace of
change, and the continual concern for privacy security and confidentiality. Maximizing the realtime tailored bidirectional interface capabilities of this technology hold immense promise for
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clinical practice and research aimed at improving health self-management and quality of life in
older adult cancer survivors, but will require an integrated approach incorporating patients, their
caregivers, researchers, information technology experts, health care providers, health systems,
payers and regulatory agency to ensure these technologies live up to this potential.
The virtual nature of data collection poses potential benefits, but also potential
drawbacks, particularly related to subject recruitment, data collection, data fidelity and the
reliability and validity of the data (Marcano-Belisario et al., 2015; Strickland et al., 2003; Waltz,
Strickland, & Lenz, 2010). Transferring data collection tools into digital format will need to be
done carefully, with repeated checks to ensure the tools are identical. The tools used in this
study will use Likert scale formatting which is easily transferred into digital format using the
Survey Monkey or Red Cap platforms. Building in prompts to encourage completion of all items
before close of the survey lends itself to improving data completion (Strickland et al., 2003).
Testing the online version of questionnaires prior to implementation will increase the certainty
that the questionnaire is easy to read, navigate, and complete for submission. The established
validity and reliability of the tools used for data collection should not be affected by completion
in digital format if they are transcribed from the pen and paper format into digital format
(Marcano-Belisario et al., 2015; Pham, Wiljer, & Cafazzo, 2016).
The long-term goals of this research are to create a prototype mHealth application-based
research platform. The capabilities of this untethered technology in capturing real-time events,
producing both individual and aggregate data for analysis, and disseminating tailored
interventions based on these data to the mHealth user may transform health and illness selfmanagement research and practice. Creation of a virtual platform for nursing research provides
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an innovative strategy to engage patients and caregivers across the globe. The ability to partner
with established patient advocacy groups enhances provision of tailored support to users of
mHealth and eHealth technologies and may improve health self -management. Results of the
initial study using the virtual research platform are presented elsewhere (Kurtin, et al, 2019).
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Figure 1. MDS Manger Virtual Research Platform
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Table 1. Measurement of Variables
Construct/
Variables
Performance
expectancy (PE)

Effort expectancy
(EE)

Health technology
engagement

Measure/Scale

Items (total items 39)

UTAUT2 scale
(Venkatesh et al.,
2012)

1.

I find mobile health applications useful in my
daily life.

2.

Using mobile health applications helps me to
accomplish things more quickly.

3.

Using mobile health applications increases my
ability to manage my health

4.

Using mobile health applications is easy for
me

5.

It is easy for me to become skillful at using
mobile health applications.

6.

My interaction with mobile health
applications is clear and understandable.

7.

I find mobile health applications easy to use.

8.

I intend to continue using mobile health
applications in the future

9.

I will continue to use mobile health
applications frequently

UTAUT2 scale
(Venkatesh et al.,
2012)

UTAUT2 scale
(Venkatesh et al.,
2012)
Data access
metrics

10. I will continue to use mobile health
applications in my daily life
Communicative
Health literacy

Health Literacy
Questionnaire
(HLQ) (Elsworth,
Beauchamp, &
Osborne, 2016;
Osborn, PaascheOrlow, Bailey, &
Wolf, 2011;
Osborne,
Batterham,
Elsworth,
Hawkins, &
Buchbinder,
2013)

Feeling understood and supported by health care
providers:
11. I have at least one health care provider who
12. I have at least one health care provider I can
13. I have the healthcare providers I need
14. I can rely on at least one health care provider
Actively managing my health
15. I spend quite a lot of time actively managing
my health
16. I make plans for what I need to do to be
17. Despite other things in my life, I make time
18. I set my own goals about health and fitness
19. There are things I do regularly

Reliability and
validity
Cronbach’s alpha
.91-.94 for items
specific to PE.
Convergent and
discriminant
validity
established
Cronbach’s alpha
.91-.94 for items
specific to EE.
Convergent and
discriminant
validity
established

Cronbach’s alpha
.91-.94 for items
specific to
Intention.
Convergent and
discriminant
validity
established
Cronbach’s alpha
> .84 for scales
used to measure
communicative
health literacy:
Feeling
understood and
supported by
health care
providers (0.88)
Actively
managing my
health (0.86)
Social Support
for health (0.84)
Ability to
actively engage
with healthcare
providers (0.90)
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Construct/
Variables

Measure/Scale

Items (total items 39)
Social support for health
20. I can get access to several people who
21. When I feel ill, the people around me really
22. If I need help, I have plenty of people I
23. I have at least one person
24. I have strong support from
Ability to actively engage with healthcare
providers
25. Make sure that healthcare providers
understand
26. Feel able to discuss your health concerns with
a
27. Have god discussions about your health
28. Discuss things with healthcare providers
29. Ask healthcare providers questions to get
Navigating the health care system
30. Find the right healthcare
31. Get to see the healthcare provider I need to
32. Decide which healthcare provider you need
33. Make sure you find the right place to get
34. Find out what healthcare services you are
Ability to find good health information
35. Find information about health problems
36. Get information from several
37. Get information about health so you are.
38. Get health information in words.
39. Get health information by yourself.

Reliability and
validity
Navigating the
health care
system (0.88)
Ability to find
good health
information
(0.89)
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Abstract
Background: Myelodysplastic Syndromes (MDS) represent a heterogenous group of rare, most
often incurable, diseases most common in adults over the age of 70 years. Treatment options
have been limited. There are several new compounds that hold promise for the active treatment
of MDS. These agents, if approved, will require MDS patients and their caregivers to
familiarized themselves with the risks, benefits, and implications of treatment relative to
individual lifestyle, quality of life, and finances. Unfortunately, disparities in perceived disease
related knowledge among MDS patients is common. A perceived lack of information is
associated with increased distress, poor satisfaction with information provided about MDS, and
difficulties in asking health care providers questions Health technology engagement, including
mobile health (mHealth) applications may improve health self-management and improve health
communication skills (communicative health literacy). Methods: This descriptive correlational
study explored the impact of mobile health (mHealth) application use on health technology
engagement and communicative health literacy in patients with Myelodysplastic Syndromes
(MDS) as a model for mHealth use in older adult cancer survivors. Development of a virtual
research platform using MDS Manager© as a prototype mHealth application preceded the study.
Sixty-five MDS patients were recruited through the MDS Foundation. Survey Monkey surveys
were completed online at baseline by all participants.

Results: The median age of participants

was 79 years (range 57-91). Although generalizability of the findings is limited by the small
sample of highly educated, more affluent MDS patients, a strong association between existing
use of mHealth and the probability of continued use was noted (p<0.05). Additionally, the
intention to continue engagement with mHealth applications was significantly higher among
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MDS Manager© users (p< .05). Most patients in this study felt empowered, engaged, and were
generally proactive about their health implying improved communicative health literacy. There
was no association between baseline mHealth use and communicative health literacy.
Conclusion: This study supports the use of mHealth by MDS patients. However, research
relative to mHealth use in older adult cancer survivors to improve communicative health literacy
and health self-management is in its nascent phase and will require continued study.
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Background and Significance
Myelodysplastic Syndromes (MDS) represent a heterogeneous group of rare myeloid
malignancies characterized by variable prognosis, disease trajectory, and options for treatment
(Steensma, 2015). The average age at diagnosis is 73 (Cogle, 2015). Co-morbidities are
common in patients with MDS and have prognostic and clinical significance (Kurtin, 2016;
Naqvi et al., 2011). There is currently no cure for MDS in the absence of an allogenic
hematopoietic stem cell transplant, an option for only a small fraction of those inflicted by the
disease due primarily to the older age of patients at diagnosis, the presence of frailty often due to
comorbidities (Klepin, 2016). Disease modifying therapies for patients not eligible for
transplant are limited to three Food and Drug Administration (FDA) approved agents. Although
supportive care may offer temporary improvement in symptoms, life expectancy without disease
modifying therapies in higher risk patients is less than 1 year. Several new compounds hold
promise for the active treatment of MDS. These agents, if approved, will require MDS patients
and their caregivers to familiarize themselves with the risks, benefits, and implications relative to
lifestyle, quality of life, and finances.
Unfortunately, there continue to be disparities in the perceptions of patients living with
MDS and the health care providers that treat them relative to disease prognosis, treatment
outcomes, and factors associated with adherence to treatment recommendations(Sekeres et al.,
2011; Steensma et al., 2014). Ageism remains a barrier to cancer treatment in this population,
and may limit resources or therapeutic options recommended to younger cancer survivors
(Klepin, 2016).
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A recent analysis of 280 MDS patients in Australia and France found that increased
distress was more closely aligned with low functional health literacy, poor satisfaction with
information provided about MDS, and difficulties in asking health care providers questions
(Ousseine et al., 2018). Collectively, these factors emphasize the need for empowerment of
patients and their caregivers to seek information about MDS, participate in decision-making, and
engage in health self-management. Active engagement in seeking information and participating
in decision making about health (communicative health literacy) may extend survival and
improve quality of life (Basch et al., 2017). Communicative health literacy may increase options
for treatment and effectively mitigate the severity of symptoms (Watson, 2015). Health
technology engagement and communicative health literacy may improve health self-management
(Watson, 2015) in older adults with cancer.

Myelodysplastic Syndromes: A Model for mHealth Use in Older Adult Cancer Survivors
Health technology, including mHealth applications, offer untethered capabilities for
engaging cancer survivors in health self-management (Hamine, Gerth-Guyette, Faulx, Green, &
Ginsburg, 2015). Examining the relationship between communicative health literacy and health
technology engagement is a research priority (Pleasant, Cabe, Patel, Cosenza, & Carmona,
2015). Communicative health literacy, a malleable multidimensional process that involves
communication, the exchange of information, and the application of this information to improve
health, is pre-requisite to effective self-management (Carmona & Pleasant, 2018). Health
literacy remains suboptimal in the United States, and limits the ability of individuals to
effectively access, understand and synthesize digital health information (Pleasant et al., 2015).
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Factors strongly influencing technology engagement include performance expectancy (perceived
benefit of technology use) and effort expectancy (EE) (perceived ease of use) (MagsamenConrad, Upadhyaya, Joa, & Dowd, 2015).
Most studies of mHealth are with younger cancer survivors with few studies specific to
older adult cancer survivors and their use of mHealth. A systematic review of the literature
searching publications between 2010 and 2017 focused on mHealth use in cancer survivors,
generated 3,295 publications (Kurtin, 2018). Most publications (2917) were excluded after
including a criterion for 65 years or older. Despite using the inclusion of age 65+ as a criterion
for inclusion, the mean age for participants ranged from 45-55 years, with inclusion of
individuals over the age of 65 only within the standard deviation. Despite an estimate that 53%
of all new apps in development are targeting users over the age of 55, yet a gap remains in
theoretically derived applications guided by the principles of both behavioral and informatics
theory and research. Therefore, evaluation of a mHealth application in patients living with
myelodysplastic syndromes (MDS), who on average are 73 years old at the time of diagnosis,
will inform health technology self-management interventions in the older adult cancer survivor
population.
Methods
The overall aim of this study was to describe the relationship among MDS Manager© use,
health technology engagement and communicative health literacy in older adults with MDS.
Tailored use of MDS Manager© was predicted to improve health technology engagement and
communicative health literacy.
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Study Design and Power
A descriptive correlation design was used to explore correlations among core constructs. To
achieve a statistical power of at least .80 (α < .05), a sample of 30 patients was deemed adequate
based on the total number of items in the validated tools (n=39) (Whitley & Ball, 2002).
Sample
Inclusion Criteria included: 1) have a diagnosis of MDS, 2) must read, write and speak English,
3) must have regular access to a smartphone or tablet with access to a phone network or internet,
4) must have access to the internet, and 5) must be able to set-up a Gmail account. All
participants are volunteers who live in the United States or Canada. Google e-mail accounts are
required to save and transfer data between devices. These accounts are password protected and
are not accessible by anyone other than the account holder.
Human Subjects
Determination human subjects’ protection was submitted the Internal Review Board (IRB)
at the University of Arizona office of research, discovery and innovation. Approval was
obtained on January 19, 2018.
Intervention
The initial launch of MDS Manager© in February of 2018, including presentations at two
regional patient forums, resulted in 11 study participants over the first 4 weeks of the study. The
study portal was revised to condense the amount of information and make icons easier to see to
make the process of registering for the study easier. A Gmail account was set up for MDS
Manager©. Nine-hundred individual emails were sent form the MDS Manager© Gmail to patients
registered with The MDS Foundation in late May 2018 describing the study, inclusion criteria,
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risks and benefits, including a link to the study registration site. An additional 54 patients
registered for the MDS Manager Study between 6/4/18 and 8/20/18.

About MDS Manager© and the MDS Manager© Virtual Research Platform
MDS Manager© is a newly investigator-developed health and life management mHealth
App for smartphones or tablets to empower the patient and caregivers living with
Myelodysplastic Syndromes. The App includes features to assist patients and their caregivers
living with MDS to more effectively manage their care, improve communication with and among
providers, log symptoms, and track their responses to treatments. The medication feature of the
App allows the user to take a photo of their medication, then enter the details of dosing, route,
frequency etc. Patient alerts to improve adherence to oral regimens and reminders for
appointments enhance self-management. Data collection capabilities, imbedded in the MDS
Manager©, allow collection of information about demographics, caregivers, provider network,
disease profiles, symptom severity and frequency, co-morbidities, treatments, transfusions, and
clinical trials participation. Patients who opt in to the full features of the application sign a
consent form which allows streaming of data to a secured data repository. Imbedded research
tools reduce participant burden.
Data for users that have opted in to using MDS Manager© is streamed to a secured data
base that is de-identified but allows the user to retrieve and review their individual information
on their device or on a secured website maintained by the MDS Foundation. Users may use
more than one device, with data being synced via the database in real time based on their secured
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log-in. Methods for development of a companion online research platform for MDS Manager©
are described elsewhere (Kurtin, Badger, Reed, Shea & Carrington, 2019).
Measures
Validated tools were derived from review of the extant literature and analysis of fit with
the theoretical framework with consideration of the core constructs of performance expectancy,
effort expectancy, health technology engagement, communicative health literacy, and health selfmanagement (Table 1). Items for measurement of performance expectancy, effort expectancy
and health technology engagement were adapted from the UTAUT2 tool (Cronbach’s alpha of
.91-.94 for items specific to health technology engagement (intention) (Viswanath Venkatesh et
al., 2012). A higher score for performance expectancy indicates an increase in perceived
usefulness. A higher score for effort expectancy indicates an increase in perceived ease of use.
A higher score for technology engagement indicates increased behavioral intention in relation to
use of mobile health applications. Convergent and discriminant validity have been established.
Additional questions to assess technology engagement specific to MDS Manager use among
study participants are included is included in the survey.
The Health Literacy Questionnaire (Osborne et al., 2013) is a 43-item scale that includes 9
conceptually distinct areas of health literacy to assess the needs and challenges of a wide range
of people and organizations. Each subscale can be used independently without compromising
the reliability and validity of the tool. Cronbach’s alpha is reported at > .84 for scales used to
measure communicative health literacy. The subscales relevant to communicative health literacy
and health self-management include: Scale 1) Feeling understood and supported by health care
providers (0.88), Scale 2) Actively managing my health (0.86), Scale 3) Social Support for health
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(0.84), Scale 4) Ability to actively engage with healthcare providers (0.90), Scale 5) Navigating
the health care system (0.88), Scale 6) Ability to find good health information (0.89). Each scale
reflects proposed characteristics of the population based on the scores being either high or low
(Osborne et al., 2013). Scoring for scales 1, 3, and 4, use a 4-point Likert scale with 1 being
strongly disagree, and 4 being strongly agree. Scales 6, 7, and 8, use a 5-point scale with 1 being
cannot do or always difficult, and 5 being always easy.
Qualitative assessment included free-text entries to open-ended questions on the surveymonkey surveys. Qualitative descriptive methods using thematic analysis by aggregating the
qualitative data, developing themes, and identifying targets of the themes relative to the research
will serve to augment the findings of the quantitative analysis as well as enhance the
understanding of older adults using mHealth technology for health self-management (Meier,
Boivin, & Meier, 2008; Sandelowski, 2010).
Demographics
The study population (n=65) included participants from the United States (U.S.) (n=63,
95.4%) and Canada (n=3, 4.6%). Regions of the U.S. were categorized using the most recent
census map (Table 2). The median age of the population was 79 years (range 57-91), with more
male (n = 37, 57%), then female (n= 28, 43%) participants. All participants had completed high
school, with 66% having graduated from college (n=43), and 35% having completed graduate
school (n=23). The average income among study participants was $75,000 – 99,000 (range
$25,000-$200,000). The mean time since diagnosis of MDS in this group was 3.12 years (range
0.5-15 years, SD 2.8). Slightly more than half of the patients were receiving treatment for their
MDS at the time of the study (58%, n=38). Less than half of the patients knew their Revised
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International Prognostic Scoring System score (IPSS-R) (57%, n=43). Among those able to
identify their score (n=22, 43%), the median IPSS-R score was 4 (range 1-10, SD 2.8), indicating
that most of the patients reporting their score had lower risk MDS. There was no correlation
between those able to identify their IPSS-R score and time since diagnosis or receiving
treatment.

Health Technology Engagement in MDS Patients
The study hypothesis was that tailored use of MDS Manager would 1) increase
performance expectancy (PE, 2) reduce effort expectancy, and 3) that improved PE and reduced
EE will improve health technology engagement (TE). A total of 138 downloads of MDS
Manager occurred during the study period. Due to the protection of personal health information,
it is not possible to identify which of these downloads were patients contacted by email. Among
study participants (n=65), 77% (n=50) had not downloaded MDS Manager at study enrollment.
For study participants downloading MDS Manager (n=15, 33%), use ranged from less than 4
weeks (n=4, 26%), to more than 6 months (n=2, 13%), with the majority having used the app
between 4-12 weeks (n=4, 26%) or 12-72 weeks (n=5, 33%). More female participants had
downloaded and used MDS Manager (n=10, 66%) than male participants (n=5, 33%) (r=-.25,
p=0.4). There was no correlation between age, education, income, time since diagnosis, or
reported IPSS-R score and MDS Manager© use.
Following enrollment in the study, participants received a series of emails and push
notifications over a 4-week period to direct them to specific tools and resources embedded in or
accessible via MDS Manager including information about clinical trials, symptom tracking and
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quick tips for managing symptoms, and general resources for living with MDS. All registered
study participants received an individual email with a link to a follow-up survey to evaluate
changes in MDS Manager© use and the impact on performance expectancy, effort expectancy,
health technology engagement and communicative health literacy.
Eleven (16%) MDS patients enrolled in the study responded to the follow-up survey.
Four individuals had not downloaded MDS Manager© at the end of the study. Among those
downloading MDS Manager, two had downloaded the app prior to enrollment in the study and
five individuals downloaded MDS Manager© after study enrollment. All (n=7) acknowledge
use of the symptom tracker with variability in the degree of difficulty (easy, n=3; somewhat
difficult, n=3; difficult, n=1). All seven (100%) individuals indicated they were able to access
clinical trials information and quick tips using MDS Manager© and had discussed their
symptoms and the option of a clinical trial with their health care team.
Given the small number of individuals participating in the 4-week follow-up survey,
analysis of the impact of MDS Manager© as it relates to health technology engagement and
communicative health literacy is limited. However, individual participating in the study were
required to have an existing Google account or register for one to participate in the study, access
the study portal and questionnaire online using a link embedded in the email, and complete the
Survey Monkey Survey, implying a certain level of health technology engagement. The average
time to complete the 63-item survey was 10 minutes, and all participants (n=65) completed
100% of the questions. The survey was structured to prevent repeat participation based on the IP
address and email for study participation.
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Table 3 shows the comparison of means (independent t-Test) for performance expectancy,
effort expectancy and health technology engagement among MDS Manager© users and nonusers. Dummy variables were created for independent variable, MDS Manager© use (0=no use,
1=use of any length) to allow for comparisons across all variables. A similar dummy variable
was created for patient portal use. Table 4 shows the estimated correlations among MDS
Manager© use, performance expectancy, effort expectancy and health technology engagement as
they relate to mobile health applications.
In this sample of MDS patients, MDS Manager© use at baseline (n=15) was associated
with increased performance expectancy (PE) toward mHealth use (M=3.51, S.D. 0.72, p< .01),
and reduced effort expectancy (EE) (M=3.61, S.D. 0.72, p< .001). Patients who had not been
using MDS Manager had lower scores for both (PE M = 2.76, S.D. .91 and EE M = 2.77, S.D.
.92). Intention to continue engagement with mHealth applications was significantly higher
among MDS Manager users (M=3.7, S.D. .59 vs. M=2.77, S.D. 1.15, p< .05). Continued
engagement with mobile health applications was strongly correlated with both performance
expectancy (r .31-.36, p< .01) and effort expectancy (r=.34-.40, p< .01).

Communicative Health Literacy among MDS patients
It was hypothesized that tailored use of MDS Manager© would 1) include communicative
health literacy, and 2) that health technology engagement would improve communicative health
literacy. There were no significant differences in mean scores and no significant correlations
between communicative health literacy and health technology engagement between MDS
Manager© users at baseline and non-users. Given the small number of patients responding to the
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post-implementation survey, no estimates can be made about the impact of the tailored education
for MDS Manager© users and how this may affect communicative health literacy. Correlations
will be reported for items on the HLQ among all study participants at baseline. The means,
standard deviations and standard interpretation for items on the Health Literacy Questionnaire
are presented in Table 5.
For Feeling understood and supported by healthcare providers, the mean score in this
sample (M = 3.36, S.D. .57), indicating an established relationship with at least one health care
provider that knows them well and that they can trust (Osborne et al., 2013). The mean score for
actively managing my health (M= 3.06, S.D. .50) shows that this sample is motivated to manage
their health, make health a priority, and prefer to engage in decision-making about their health.
All items were correlated (r= .24-.66, p<0.05) except for spending quite a lot of time actively
managing health and doing things regularly to improve health (r=.18, p=0.14). Social support for
health (M =3.16, S.D. .54), suggests a strong social network among the MDS patients in this
sample. The ability to actively engage with health care providers in this sample (M = 4.12,
S.D.71), implies an empowered, engaged and proactive population. A mean score of 4.84 (M =
4.84, S.D. .81) for Navigating the healthcare system indicates that this group of MDS patients
can access care and advocate on their own behalf at the system and service level. Finally, the
ability to find good health information (M= 3.9, S.D. .82), implies that this sample of MDS
patients is motivated to actively seek out up to date information using a diverse range of sources.
Qualitative Evaluation of MDS Manager
Open ended comments were collected on the Survey Monkey Survey. These were
reviewed and categorized using thematic analysis. Four major categories were identified: 1)
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Human factors for mHealth use, 2) Complex information, 3) MDS symptoms and staying well,
and 4) Access to care
Comments included in human factors for mHealth use and competing technology,
emphasize the need for continued considerations for effort expectancy and performance
expectancy. One participant commented: I think that asking for some patient input on actually
using MDS Manager would be beneficial in making it more useful, and therefore more effective
in managing my health.” “It was confusing to try to enter Canadian units into the MDS
Manager©.”
The complexity of MDS was also mentioned: “It's hard to understand MDS completely”, I
just follow my blood counts using the patient portal”, “I am newly diagnosed with MDS. I’m
overwhelmed, scared, and desperately trying to figure out what I have...ordering educational
materials and searching Google. At times, I feel alone and unable to bother my health care
providers with my questions.”
Comments about symptoms and staying well included: “I am presently fairly
asymptomatic with regard to MDS”, Fatigue because of anemia is prevalent among MDS
patients and must be considered in the design of mHealth apps for this population. “I have a lot
of challenges with my health, but I think I am doing pretty well at managing things given the
circumstances”, “I eat very carefully, and it is doing the job to keep me healthy. Very little
processed food. Mostly short grain brown rice, beans, vegetables, and filtered water”, “My wife
is a huge help and we love cooking together.”
Several comments were made relative to access to care, including access to MDS
specialists: “Other than being in a Medicare HMO I get most of what I need. It would be nice to
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have options to see other specialists outside of my provider network, to have access to an MDS
specialist”, “My family doctor does not know much about MDS. I have had four different
doctors for MDS. See them once a year, they are always leaving for a better job. I can't even get
my blood results sent to me”,
As the science for the diagnosis and treatment of MDS becomes increasing complex, it will be
necessary to leverage the functionality of all health technologies to support cancer survivors in
meeting the challenges of living with MDS.
Discussion
Importantly, most study participants had not downloaded MDS Manager© at the time of
the baseline data collection, limiting the ability to describe the impact MDS Manager© has in this
group. Although generalizability is limited by the small number of MDS Manager© users
participating in the post-implementation survey, the baseline characteristics of this group indicate
a strong association between existing use of mobile health applications, including MDS
Manager©, and the probability of continued use. In addition, performance expectancy was
increased, and effort expectancy was decreased in MDS Manager© users. Additionally, the
intention to continue engagement with mHealth applications was significantly higher among
MDS Manager© users (p< .05) and continued engagement with mobile health applications was
strongly correlated with both performance expectancy (r .31-.36, p< .01) and effort expectancy
(r=.34-.40, p< .01), as would be expected based on the proposed model assuming use of any
mHealth application.
Although not the focus of this research, participants were asked about patient portal use, a
growing trend in health care with the mandate for use of the electronic health record. Most
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patients reported using a patient portal (n=52, 80%) more than once a month (n=31, 46%).
Interestingly, frequent use of the patient portal was inversely correlated with use of MDS
Manager©, although not statistically significant (R= -.210, p=.09). This may reflect the evolution
and availability of patient portals over the course of development of MDS Manager©, particularly
for features that track lab and diagnostic results.
Communicative health literacy was generally high in this sample with mean for all
subscales greater than 2. Feeling understood and supported by healthcare providers, is thought to
facilitate better understanding of information and promote decision making about health. Based
on the scores for actively managing my health and actively engage with health care providers,
most patients in this study felt empowered, engaged, and are generally proactive about their
health. Most study participants indicated strong social support. Availability of a caregiver was
not assessed in this study and may offer insight into social support for health.
Navigating the healthcare system becomes increasingly important given the complex,
often fragmented care across the continuum of care for the MDS patient. This group of MDS
patients can access care and advocate on their own behalf at the system and service level. For
the MDS patient, where care may be provided in several care locations based on the risk
category of the disease, whether a patient is receiving disease modifying treatment, and the
frequency of visits required for both supportive acer and treatment makes this a critical skill for
these patients. Interestingly, the ability to find the health care services entitled to was correlated
with ease in becoming skillful using mHealth (r= .25, p=0.048), ease of use of mHealth (r=.25, p
= 0.04), and intention to continue to use mHealth (r=.24, p=0.05), elements of effort expectancy
and technology engagement.
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Given the complexity of oncology care today and the known short duration of most
patient-provider visit, the ability to find good health information relies on effective
communication and the ability to ask and have questioned answered. This group of MDS
patients indicated some difficulty with getting information independently and in words that are
understood. This may again reflect the growing complexity of disease and treatment related
information relative to MDS. Similar to the correlations seen with navigating the health care
system, ease in gaining skills for use of mHealth (r=.29, p= 0.01), clear and understandable
interactions with mHealth (r=.30, p=0.01), finding mHealth easy to use (r=.29, p = 0.01), and the
intention to continue use of mHealth applications in daily life (r= .29, p= 0.01) were correlated
with the ability to ask healthcare providers questions to get the health information needed,
suggesting an association between effort expectancy and technology engagement and the ability
to find good health information.
Findings from this study will inform the ongoing refinements of MDS Manager© as a
prototype mHealth application and research platform aimed at improving health selfmanagement in older adult cancer survivors. Due to the small number of patients participating in
the follow-up survey, the impact of a tailored educational program cannot be evaluated.
However, significant correlations are noted between effort expectancy, performance expected
and the intention to use mHealth, consistent with the theoretical underpinnings proposed.
The sample for this study is highly educated, have a higher income than the general
population of older adult cancer survivors, and have access to the internet and ownership of a
smartphone or tablet. The majority of MDS patients participating in this study are highly
motivated, engaged, and can effectively seek information and participate in decision-making

138
about their health. The sample, however is not representative of the general population. In
addition, the paucity of data relative to health technology engagement, communicative health
literacy and health self-management in the older adult cancer survivor, including MDS patients,
will require continued investigation in a larger and more diverse population. Expansion of the
study to include MDS patients and their caregivers attending patient forums sponsored by The
MDS Foundation will provide an opportunity to implement a hands-on training for technology
use directed at improving health technology engagement, communicative health literacy and
health self-management.
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Table 1: Demographics
Region

Age

Gender
Education
Income

Time since
diagnosis of
MDS

IPSS-R
Score
MDS
Treatment
Clinical
trial

Western United States
Midwestern United States
Southern United Sates
Northeastern United States
Pacific United States
Canada
Age < 60
Age 60-69
Age 70-89
Age 80-89
Age 90+
Female
Male
Completed high school
Graduated from college
Completed graduate school
Up to $ 50,000
$50,000-$74,999
$75,000-$99,999
>$100,000
.5-1.0 years
2years
3 -4 years
5-6 years
7-8 years
11+ years
No
Yes
Yes
No
Yes
No
Unsure

n=21 (32.3%)
n=12 (18.5%
n=16 (24.6%)
n=13 (20%)
n=0
n=3 (4.6%)
n=4 (6%)
n=24 (37%)
n=21 (32%)
n=15 (23%)
n=1 (1%)
n=28 (43%)
n=37 (57%)
n=65 (100%)
n=43 (66%)
n=23 (35%)
n=17 (26%)
n=15 (23%)
n=13 (20%)
n=20 (31%)
n= 17 (26%)
n= 23 (35%)
n= 11 (17%)
n= 8 (12%)
n= 3 (5%)
n= 3 (5%)
n=43 (67%)
IPSS-R score 0-1
IPSS-R score 1.5-2
IPSS-R score >3
n=38 (58%)
n=27 (41%)
n = 10 (15%)
n= 51 (79%)
n= 4 (6%)

n=10 (15%)
n= 10 (15%)
n = 2 (3%)
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Table 2: Comparison of means for performance expectancy, effort expectancy and health
technology engagement among MDS Manager users and non-users.

Construct/Measure
PE

mHu: I find mobile health

MDS

MDS

Manager

Manager

User

non-user

(n=15)

(n=50)

Mean (S.D), CI 95%

Independent Samples t-Test

3.60 (.82)

2.76 (.93)

t (63) =3.11, (p=0.00)

3.40 (.73)

2.72 (.92)

t (63) =2.60, (p=0.01)

3.53 (.63)

2.80 (.90)

t (63) =2.92, (p=0.00)

applications useful in my daily life
PE

mHa: Using mobile health
applications helps me to accomplish
things more quickly

PE

mHsm: Using mHealth increases my
ability to manage my health

PE

Total Score for items in PE subscale

3.51 (.72)

2.76 (.91)

EE

mHe: Using mHealth is easy for me

3.53 (.83)

2.76 (.99)

t (63) =2.86, (p=0.00)

EE

smH: It is easy for me to become

3.73 (.59)

2.90 (.99)

t (63) =3.07, (p=0.00)

3.60 (.73)

2.76 (.87)

t (63) =3.38, (p=0.00)

3.60 (.73)

2.68 (.93)

t (63) =3.49, (p=0.00)

3.61 (.72)

2.77 (.92)

skillful at using mHealth
EE

imH: My interactions with mobile
mHealth are clear and understandable

EE

fmHe: I find mobile health
applications is easy to use

EE

Total Score for items in EE subscale
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TE

mHcu: I intend to continue using

3.66 (.61)

2.76 (.98)

t (63) =3.37, (p=0.00)

3.73 (.59)

2.68 (.97)

t (63) =3.94, (p=0.00)

3.73 (.59)

2.88 (1.5)

t (63) =3., (p=0.03)

3.7 (.59)

2.77 (1.15)

mobile health applications in the
future
TE

mHdl: I will continue to use mobile
health applications in my daily life

TE

mHfreq: I will continue to use mobile
health applications frequently

TE

Total Score for items in TE subscale
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Table 3: Correlation matrix (non-diagonal) and variance(diagonal) for performance
expectancy, effort expectancy and health technology engagement among study participants.

MDSM Pearson
Use
Correlation
Sig. (1-tailed)

mHu

mHa

mHsm

mHe

smH

Sum of
Squares and
Crossproducts
Covariance
N
Pearson
Correlation
Sig. (1-tailed)
Sum of
Squares and
Crossproducts
Covariance
N
Pearson
Correlation
Sig. (1-tailed)
Sum of
Squares and
Crossproducts
Covariance
N
Pearson
Correlation
Sig. (1-tailed)
Sum of
Squares and
Crossproducts
Covariance
N
Pearson
Correlation
Sig. (1-tailed)
Sum of
Squares and
Crossproducts
Covariance
N
Pearson
Correlation

MDSM
Use
1

Correlations
mHu
.366**

mHa mHsm
.311** .346**

mHe
.340**

smH
.361**

imH
.392**
.001

.001

.006

.002

.003

.002

11.538

9.692

7.846

8.462

8.923

.180
65
.366**

.151
65
1

.123
65
.927**

.132
65
.905**

.000

.000

fmHe mHcu
.403** .391**

.000

.018

9.615

9.692 10.615 10.462 12.154

9.846

.139
65
.693**

.150
65
.544**

.151
65
.615**

.166
65
.672**

.163
65
.764**

.190
65
.810**

.154
65
.359**

.000

.000

.000

.000

.000

.000

.002

9.692 60.862 53.631 50.908 41.815 33.277 34.862 40.677 46.908 50.769

31.231

.001

.151
65
.311**

.951
65
.927**

.006

.000

.838
65
1

.000

.001

mHdl mHfreq
.445**
.260*

.795
65
.893**

.653
65
.724**

.520
65
.563**

.545
65
.624**

.636
65
.680**

.733
65
.715**

.793
65
.778**

.488
65
.334**

.000

.000

.000

.000

.000

.000

.000

.003

7.846 53.631 55.015 47.754 41.508 32.738 33.631 39.138 41.754 46.385

27.615

.123
65
.346**

.838
65
.905**

.860
65
.893**

.002

.000

.000

.746
65
1

.649
65
.752**

.512
65
.552**

.525
65
.647**

.612
65
.693**

.652
65
.757**

.725
65
.809**

.431
65
.338**

.000

.000

.000

.000

.000

.000

.003

8.462 50.908 47.754 51.938 41.877 31.185 33.908 38.785 42.938 46.846

27.154

.132
65
.340**

.795
65
.693**

.746
65
.724**

.812
65
.752**

.003

.000

.000

.000

.487
65
.864**

.530
65
.815**

.606
65
.859**

.671
65
.705**

.732
65
.751**

.424
65
.316**

.000

.000

.000

.000

.000

.005

8.923 41.815 41.508 41.877 59.754 52.369 45.815 51.569 42.877 46.692

27.308

.139
65
.361**

.653
65
.544**

.649
65
.563**

.654
65
.552**

.654
65
1

.934
65
.864**

.818
65
1

.716
65
.794**

.806
65
.816**

.670
65
.570**

.730
65
.610**

.427
65
.200
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Sig. (1-tailed)

imH

fmHe

Sum of
Squares and
Crossproducts
Covariance
N
Pearson
Correlation
Sig. (1-tailed)
Sum of
Squares and
Crossproducts
Covariance
N
Pearson
Correlation
Sig. (1-tailed)

.002

.000

.000

.000

.000

.000

.000

.055

9.615 33.277 32.738 31.185 52.369 61.446 45.277 49.646 35.185 38.462

17.538

.150
65
.392**

.520
65
.615**

.512
65
.624**

.487
65
.647**

.818
65
.815**

.960
65
.794**

.001

.000

.000

.000

.000

.000

.707
65
1

.000

.000

.776
65
.933**

.550
65
.610**

.601
65
.595**

.000

.000

.000

.067

9.692 34.862 33.631 33.908 45.815 45.277 52.862 52.677 34.908 34.769

15.231

.151
65
.403**

.545
65
.672**

.525
65
.680**

.530
65
.693**

.716
65
.859**

.707
65
.816**

.826
65
.933**

.000

.000

.000

.000

.000

.000

.000

.823
65
1

.274
65
.188

.545
65
.569**

.543
65
.616**

.238
65
.225*

.000

.000

.035

Sum of
Squares and
Crossproducts
Covariance
N
Pearson
Correlation
Sig. (1-tailed)

10.615 40.677 39.138 38.785 51.569 49.646 52.677 60.246 34.785 38.462

19.538

.601
65
.930**

.305
65
.446**

.000

.000

Sum of
Squares and
Crossproducts
Covariance
N
Pearson
Correlation
Sig. (1-tailed)

10.462 46.908 41.754 42.938 42.877 35.185 34.908 34.785 61.938 58.846

39.154

.919
65
1

.612
65
.506**

Sum of
Squares and
Crossproducts
Covariance
N
mHfreq Pearson
Correlation
Sig. (1-tailed)

12.154 50.769 46.385 46.846 46.692 38.462 34.769 38.462 58.846 64.615

45.385

mHcu

mHdl

.166
65
.391**

.636
65
.764**

.612
65
.715**

.606
65
.757**

.806
65
.705**

.776
65
.570**

.823
65
.610**

.941
65
.569**

.001

.000

.000

.000

.000

.000

.000

.000

.544
65
1

.163
65
.445**

.733
65
.810**

.652
65
.778**

.671
65
.809**

.670
65
.751**

.550
65
.610**

.545
65
.595**

.544
65
.616**

.968
65
.930**

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.190
65
.260*

.793
65
.359**

.725
65
.334**

.732
65
.338**

.730
65
.316**

.601
65
.200

.543
65
.188

.601
65
.225*

.919
65
.446**

1.010
65
.506**

.018

.002

.003

.003

.005

.055

.067

.035

.000

.000

.709
65
1

Sum of
9.846 31.231 27.615 27.154 27.308 17.538 15.231 19.538 39.154 45.385 124.615
Squares and
Crossproducts
Covariance
.154
.488
.431
.424
.427
.274
.238
.305
.612
.709
1.947
N
65
65
65
65
65
65
65
65
65
65
65
**. Correlation is significant at the 0.01 level (1-tailed).
*. Correlation is significant at the 0.05 level (1-tailed).
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Table 4: Means, Standard Deviations and Interpretations for Items on the Health Literacy
Questionnaire
HLQ Scale

Matrix
Coding

Items

Scale 1:
Feeling
understood
and supported
by healthcare
providers
(HPS)

HCPkme

I have at least
one health care
provider who
knows me well
I have at least
one health care
provider I can
discuss my
health
problems with
I have the
healthcare
providers I
need to help
me work out
what I need to
do
I can rely on at
least one health
care provider
I spend quite a
lot of time
actively
managing my
health
I make plans
for what I need
to do to be
healthy
Despite other
things in my
life, I make
time to be
healthy
I set my own
goals about
health and
fitness
There are
things I do
regularly to
make myself
more healthy
I can get
access to
several people

4-point Likert
Scale:
Strongly
disagree = 1
Strongly
Agree = 4

HCPdis

HCPwto

HCPrely
Scale 3:
Actively
managing my
health (AMH)

THSM

4-point Likert
Scale:
Strongly
disagree = 1
Strongly
Agree = 4

ptbH

mtfH

Fg

thtbH

Scale 4:
Social support

AtP

Mean (m) with Standard
deviation () and
minimum and maximum
values []
M=3.41 (.55)
[range 2-4]
M=3.47 (.50)
[range 3-4]

M= 3.21 (.58)
[range 2-4]

M=3.33 (.58)
[range 2-4]
M=2.95 (.57)
[range 2-4]

M=3.10 (.50)
[range 2-4]
M=3.06 (.63)
[range 2-4]

Standard interpretation of scores
(Osborne et al., 2013)
Low: (1-2) People who are low on
this domain are unable to engage
with doctors
and other healthcare providers. They
don’t have a regular healthcare
provider and/or have difficulty
trusting healthcare providers as a
source
of information and/or advice.
High: (>2) Has an established
relationship with at least one
healthcare provider who knows them
well and who they trust to provide
useful advice and information and to
assist them to understand information
and make decisions about their
health.
Low: (1-2) People with low levels
don’t see their health as their
responsibility, they
are not engaged in their healthcare
and regard healthcare as something
that is done to them.
High: (>2) Recognize the importance
and are able to take responsibility for
their own health. They proactively
engage in their own care and make
their own decisions about their
health. They make health a priority.

M=3.12 (.48)
[range 2-4]
M=3.15 (.36)
[range 3-4]

M=3.15 (.59)
[range 2-4]

Low: (1-2) Completely alone and
unsupported for health.
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for health
(SS)
4-point Likert
Scale:
Strongly
disagree = 1
Strongly
Agree = 4

Pun

Pfappts

RoP

FaF

Scale 6:
Ability to
actively
engage with
health care
providers
5-point Likert
Scale:
Always
difficult/
cannot do = 1
Always easy
=5

HCPu

HCPdis

disuU

atdisHHC
P

askHCP

who
understand and
support me
When I feel ill,
the people
around me
really
understand
what I am
going through
I have at least
one person
who can come
to medical
appointments
with me
If I need help, I
have plenty of
people I rely
on
I have strong
support from
family and
friends
I make sure
that health care
providers
understand my
health care
needs
I have good
discussions
about my
health with my
health care
providers
I discuss things
with my health
care provider
until I
understand all I
need to
I feel able to
discuss my
health
concerns with
my health care
provider
I ask
healthcare
providers
questions to

M=3.07 (.40)
[range 2-4]

High: (>2) A person’s social system
provides them with all the support
they want
or need for health.

M=3.27 (.70)
[range 1-4]

M=3.03 (.49)
[range 2-4]
M=3.29 (.55)
[range 2-4]
M=4.18 (.60)
[range 2-5]

M=4.10 (.75)
[range 2-5]

M=4.07 (.75)
[range 2-5]

M=4.16 (.67)
[range 2-5]

M=4.12 (.80)
[range 1-5]

Low: (1-2) Are passive in their
approach to healthcare, inactive i.e.,
they do not
proactively seek or clarify
information and advice and/or
service options.
They accept information without
question. Unable to ask questions to
get information or to clarify what
they do not understand. They accept
what is offered without seeking to
ensure that it meets their needs. Feel
unable to share concerns. The do not
have a sense of agency in
interactions with providers.
High: (>2) Is proactive about their
health and feels in control in
relationships with
healthcare providers. Can seek
advice from additional healthcare
providers when necessary. They keep
going until they get what they want.
Empowered.
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Scale 7:
Navigating
the healthcare
system
5-point Likert
Scale:
Always
difficult/
cannot do = 1
Always easy
=5

findHCP
getHCPn

decHCPn

rHCn

HCent

BFU
Scale 8:
Ability to find
good health
information
5-point Likert
Scale:
Always
difficult/
cannot do = 1
Always easy
=5

finfoH

utdHinfo

infoMany

infoU

HIS

get the health
information I
need
I can find the
right
healthcare
I can get to see
the health care
provider I need
to manage my
health
I can decide
which
healthcare
provider I need
to see
I can make
sure I find the
right place to
get the
healthcare I
need
I can find the
health care
services I am
entitled to
I can work out
what is the best
care for me
I can find
information
about health
problems
I can get
information
about my
health, so I am
up to date with
the best
information
I can get
information
from several
different places
I can get health
information in
words I
understand
I can get health
information by
myself

M=4.0 (.75)
[range 1-5]
M=4.15 (0.73)
[range 1-5]

M=4.07 (.71)
[range 2-5]

M=4.06 (.65)
[range 2-5]

Low: (1-2) Unable to advocate on
their own behalf and unable to find
someone
who can help them use the healthcare
system to address their health
needs. Do not look beyond obvious
resources and have a limited
understanding of what is available
and what they are entitled to.
High: (>2) Able to find out about
services and supports so they get all
their needs met. Able to advocate on
their own behalf at the system and
service level.

M=3.84 (.81)
[range 2-5]
M=4.07 (.69)
[range 2-5]
M=4.07 (.69)
[range 2-5]
M=4.01 (.69)
[range 2-5]

M=3.95 (.85)
[range 2-5]
M=3.98 (.69)
[range 2-5]
M=3.52 (1.2)
[range 1-5]

Low: (1-2) Cannot access health
information when required. Is
dependent on
others to offer information.
High: (>2) Is an 'information
explorer'. Actively uses a diverse
range of sources to find information
and is up to date.

