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Abstract

Patients going home after a hospitalization face many challenges. This transition period exposes
patients to unnecessary risks related to inadequate preparation prior to leaving the hospital,
potentially leading to errors and patient harm. Although patients engaging in self-management
have better health outcomes and increased self-efficacy, little is known about the processes in
place to support and develop these skills for patients leaving the hospital. Through qualitative
interviews and observations of 28 patients during and after their hospitalizations, we explore the
challenges they face transitioning from hospital care to self-management. We identify three key
elements in this process: knowledge, resources, and self-efficacy. We describe how both system
and individual factors contribute to breakdowns leading to ineffective patient management. This
work expands our understanding of the unique challenges faced by patients during this difficult
transition and uncovers important design opportunities for supporting crucial yet unmet patient
needs.
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INTRODUCTION

Hospitals provide acute management for both new and chronic medical conditions with the
goal of treating and stabilizing patients so they can return to their life outside the hospital.
However, patients face many risks and challenges after leaving the hospital. Re-
hospitalization, one such risk, has been identified as a major issue within the United States
health care system, impacting 1 out of 5 Medicare beneficiaries, leading to $17.4 billion
each year in unnecessary spending [35]. Although some hospital readmissions are
unavoidable, many are preventable and result from inadequate patient preparation prior to
leaving the hospital (i.e. discharge) [11]. Discharge planning, a common component of many
health care systems, allows for the development of individualized plans provided to a patient
prior to leaving the hospital, with the goal of improving patient outcomes and reducing
unnecessary re-hospitalizations. Yet, it has had mixed results [53]. Key remaining challenges
include patients having a poor understanding of their medical condition or low health
literacy in general [2,34] as well as patients not being able to access the health resources
they need after discharge [37,39].

June, a 16-year-old competitive soccer player, recently returned home from a three-
day hospitalization after being newly diagnosed with Type 1 diabetes. In addition to
receiving the medical care necessary to treat and manage her new condition,
hospital staff also provided intensive education designed to teach June and her
family about what diabetes is and how to manage this chronic condition. Eager to
leave the hospital and return to a normal life, June and her family felt empowered
with their newly acquired knowledge, confident that they had the tools to face
whatever challenges lay ahead. However, their feelings of confidence quickly
transitioned to feeling overwhelmed and unprepared. Previously simple tasks for
June, like grabbing a snack to bring to soccer practice, now required that she read
food labels, count carbs, and plan insulin injections. Should she tell her coach or
her teammates about her diabetes in case the disease caused her to get ill during an
away game, even though she did not want any special treatment? What would she
do if she did not have a place at school to take injections in private or to dispose of
needles?

Once discharged, patients and their caregivers need to possess, or know how to obtain, the
knowledge (e.g. including both technical/clinical facts as well as patient expertise [58]) and
resources (enablers that help individuals manage their illness including social support,
access to pharmacies, etc.) required to provide care at home, and respond appropriately to
the routine as well as unfamiliar challenges, referred to as self-management [46]. As a result,
patients like June (whose scenario is based on a teenaged patient from our study) face a
number of challenges immediately after leaving the hospital.
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Using human-computer interaction (HCI) methods to redesign technology for use after
hospital discharge has the potential to bridge the resource and knowledge gaps faced by
patients and caregivers. By designing better tools that consider the holistic needs of patients,
clinicians can support patients through their transition to self-management. Although
abundant research in HCI and Health Informatics has explored how to best support patients
with chronic diseases [12,21,28], we have less understanding of how technology could
support patients as they transition to life after an acute hospitalization.

To better understand how information technology could support patients and prepare them as
they move from hospital to home, we conducted an interview and observation study with 28
hospitalized patients and their family caregivers, prior to and just after discharge. Through
our analysis, we show that many challenges the patients face arise from deficiencies in three
key areas: (1) medical Knowledge, (2) Resources to manage their health (including social
support), or (3) Self-efficacy. We describe how these three key areas, referred to as the KRS
framework, have the potential to help guide design opportunities for HCI and patient-
centered information technology to support patients as they transition from hospital-based
management to self-management. Based on multiple in-depth interviews, we describe the
challenges faced by patients and their families during such a hospital to home transition. We
explore how gaps in medical knowledge, in resources needed to care for one’s health, and in
self-efficacy prevent effective self-management when patients leave the hospital setting.
Finally, we outline design recommendations for technologies that could help address these
unmet needs and ease the burden of this difficult and fragile transition for patients.

BACKGROUND AND RELATED WORK

With the increasing life expectancy of individuals around the world, the number living with
a chronic condition has correspondingly increased [10]. This situation has led individuals to
self manage and integrate their health conditions into their daily routine, through self-care
[8]. Recently, researchers in the fields of HCI and CSCW have explored broadly how
technology supports those living with a chronic iliness and have provided suggestions on
how to advance both research and design to support individuals living with a chronic illness
[24,48].

Although low-tech solutions have shown benefit in reducing undesirable events after
discharge (e.g. readmission or no follow-up with their primary physician) [4], they often did
not assess the innate skills required for self-management at home.

Given that behavior change is a key component of self-management as individuals need to
learn how to adapt their lifestyle as a result living with a chronic illness, Social Cognitive
Theory [6] provides a useful lens to help understand and guide the patients’ actions post-
discharge. SCT has been applied to health promotion interventions [5], and includes the key
determinants of the KRS framework. However, SCT alone cannot account for all challenges
and constraints faced by individuals self-managing their illness. Therefore, new frameworks
are needed in order to understand and design for the needs of this unique population. In the
sections that follow, we describe patients’ knowledge, resources, and self-efficacy in the
context of clinical care and related work.
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Traditionally, hospital staff take the primary role in managing patients during the course of a
hospitalization. After discharge, patients and their caregivers must take over this
management task. Staff try to prepare patients for this transition by providing the appropriate
knowledge and resources to ensure a smooth and seamless transition. Interventions that
provide patients with medical education at and beyond the time of discharge, facilitate
access to needed resources, or support self-efficacy have been successful in improving
patient health and quality of life and decreasing readmission rates [13,57,62]. However, not
all interventions have been reliably successful, suggesting additional studies are needed to
identify useful strategies to reduce readmissions [29].

Despite the education currently provided, patients continue to face many challenges after
discharge from the hospital. It has been estimated that up to 20% of patients discharged from
US hospitals suffer some type of adverse event leading to re-hospitalization within 90 days,
one third of which are preventable [25]. Lack of knowledge is a key factor in these events
related to: low health literacy [3,34], and a poor understanding of medication regimens [45].
These knowledge deficits lead to a gap in effective care after discharge.

Some have explored technological solutions to address these gaps in knowledge. For
example, researchers have developed relational agents to act as a virtual nurse who helps
disseminate information prior to discharge [64] or as a virtual pharmacist who helps detect
and resolve issues that arise post-hospitalization [50]. The patients preferred receiving their
virtual discharge nurse over their human nurse or doctor and expressed high levels of
satisfaction with the virtual agent.

To successfully manage health and disease outside the hospital setting, patients must also
have access to resources that support their transition to home care. Patients face many
impediments needed to mange health outside the hospital setting. These impediments
include inadequate social and family support [54], challenges with transportation and
obtaining medication [40]. These barriers to resources can be particularly exacerbated
among vulnerable populations. For example, children and adolescents are often dependent
on their families and communities for health-related resources [15], and individuals of low
socioeconomic status often lack resources to access health care or engage in healthy
behaviors [9,36].

Self-efficacy

Self-efficacy refers to a person’s confidence in their ability to accomplish a specific goal
[5,6,12]. Lorig and Holman describe that in addition to understanding and managing the
medical components of illness, people need to manage their behaviors as well as the
emotional sequelea and self-efficacy associated with their illness [43]. Although education
programs focusing just on medical aspects of the disease are not sufficient to improve health
outcomes in adults [27], those focusing on medical management, self-efficacy, and
emotional support, the three tasks required for self-management, have demonstrated benefits
in a variety of chronic conditions [44].
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Goal setting, a key component of self-efficacy, also plays an important role in helping
patients manage their ilinesses. Bodenheimer and colleagues describe how these goals help
with the creation of action plans, developed by patients through the use of problem solving
skills [12]. The creation and successful completion of patient-derived action plans, (which
take into account knowledge and resources), support self-efficacy, and provides patients with
the confidence to manage their own illness. This results in increased motivation leading to
self-management success. In addition, coaching has shown to be effective in enhancing self-
management especially during times of transition [49].

Although self-directed goal formation is important for patients, patients often also turn to
others with similar conditions for information as well as guidance and support in the goal-
forming process. Peers help through informational [18], emotional [51], and instrumental
forms of support [32]. With the explosion of online health communities there are many
opportunities for individuals to obtain support beyond their immediate social network.
Hartzler and colleagues describe how experienced patients do not serve as just “amateur
doctors,” but rather offer valuable personal information that clinicians often cannot provide
[30]. Patient expertise explores “strategies [used] for coping with day-to-day personal health
issues gained through trial and error of the lived experience [30].” Integrating patient
expertise and promoting social support resources in times of transition should therefore help
inexperienced patients with finding and setting realistic goals.

With realistic goals, patients then require decision-making and problem solving skills to
support goal attainment. These key skills of self-management require individuals to have
access to, gather and interpret data (i.e. sensemaking). Mamykina and colleagues have
proposed a sensemaking framework for chronic-disease self-management [46]. With patients
in one of two modes based on the familiarity of an experience, they utilize different skills to
navigate these experiences.

Recognizing the benefits of self-management, hospitals have an opportunity to integrate
knowledge, facilitate access to resources, and support self-efficacy, to aid patients as they
transition from hospital care to self care.

METHODS

Our work is part of a larger study, which was approved by the authors’ institutional review
board and the participating hospitals, exploring how to increase patient engagement in
preventing hospital-based errors. We conducted interviews and observations with 28 adult
and pediatric (i.e. child and adolescent) patients and their caregivers hospitalized at two
different hospitals in Seattle, Washington, United States. One is an adult hospital that serves
local patients from various socioeconomic and ethnic backgrounds. The other is a children’s
hospital that serves pediatric patients from urban and rural areas from various regional
states. We chose these two sites because of the different challenges faced by adult and
pediatric patients in the discharge process. While adult patients may have a caregiver
assisting them post-discharge, pediatric patients almost always rely on the support of adult
caregivers because of their minor status and may not be developmentally capable of caring
for themselves. Thus pediatric patients are dependent on caregivers who have their own
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goals and needs to aid in the patients’ self-management. Therefore we sought to understand
and include multiple populations to understand the range of complexities and associated
with and similarities across self-care strategies.

Study Procedures

Study Sites

Participants

Patients were recruited over a four-month period between February 2015 and May 2015. For
each patient, we conducted three semi-structured interview or observation sessions that
occurred pre- and post-discharge. First, while the patient was in the hospital, the initial
sessions with both patients and their caregivers lasted 40-60 minutes. Next we observed the
patient while he/she was still in the hospital for 60-90 minutes. Typically, these interviews
and observations occurred 1-2 days prior to the patient’s discharge. Finally, we carried out a
follow-up phone interview within 1-2 weeks after the patient was discharged from the
hospital. Follow-up interviews lasted up to 30 minutes and were guided and informed by the
initial interviews and allowed us to determine if the patients’ needs and expectations were
met after discharge.

In the interviews, participants (both patients and caregivers) were asked about their current
hospital visit, exploring their experiences in providing and receiving information related to
their care. The follow up interviews occurred shortly after discharge and followed up on
items discussed and events that occurred after the first interview. All interviews were audio-
recorded and transcribed prior to analysis.

We also conducted bedside observations with all the participants, typically after the initial
interview. During the observation period, a member of the research team sat in the hospital
room and took notes. We focused on discussions regarding the patient’s care,
communications between patients, caregivers, and providers, and finally the use of
technology or other information artifacts in the room.

Our study took place at one adult and one pediatric hospital in a large urban area, Seattle,
WA, in the United States. Each hospital serves as a tertiary referral center for a large
geographic region. The adult hospital admits over 16,000 patients each year, and the
pediatric hospital admits over 15,000 patients each year. Patients at the adult hospital have
similar demographics with the local area’s population, and two-thirds of the patients are
covered by private insurance. The pediatric hospital has a slightly more diverse patient
population then the surrounding area, and less than half have private insurance.

Due to our site selection and sampling methods we had the opportunity to recruit patients
with a wide variety of ages and medical conditions. This allowed us to see whether themes
were common across age and medical condition. We recruited a total of 48 people to
participate: 28 patients and 20 caregivers across both sites. Our methodology utilized a
purposeful sampling framework focusing on age, gender, ethnicity, medical service, and
disease complexity. Research coordinators employed by each hospital recruited and
consented participants on behalf of the research team.
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Patient participants had diverse reasons for being in the hospital, which represented varying
levels of complexity and medical needs. Fifty percent of the patients, were in the hospital on
the surgical service after undergoing different procedures such as a heart or kidney
transplant, hip repair, gall stone removal, cleft lip repair, and infection drainage. The other
50% of patients were cared for on medical teams for problems such as a blood infection,
diabetes, Chron’s disease, chronic obstructive pulmonary disease, kidney failure,
pneumonia, and heart disease. Otherwise, patients were equally divided in the following
categories: pediatric vs adult, chronic vs. non-chronic conditions, and male vs. female.
Though, of the 28 patients, 20 had previously been hospitalized for some reason that could
have been related to the current condition for which they were receiving care. Patients’ ages
ranged between 7 and 76. In the pediatric hospital (14 patients), half of the patients were age
7-13 years and half age 13-17 years. In the adult hospital (14 patients), patients were evenly
split between ages 18-39, 40-59, and 6076 years. Patients were more ethnically diverse
than the American population: 18 were White/Caucasian, 6 Black/African American, 3
Hispanic, 2 Asian, and 1 American Indian/Alaska Native. Adult patients had a range of
educational levels, with most having had at least some college.

In addition, we enrolled 20 caregivers who were present when patients were recruited. Half
were 18-39 and the other half were 40-59. Caregivers were predominantly female,
especially at the pediatric hospital. Of the 20 caregivers that participated, 16 were parents of
pediatric patients and 4 were caregivers of adult patients.

Throughout the interviews and observations, the research team met regularly to discuss
preliminary findings and identify themes in the data to identify the gaps associated with
discharge preparation. Transcripts were reviewed and coded by three members of the
research team using AtlasTi. Initial coding was developed through an iterative process and
not guided by a theory or framework identified a priori.

Throughout our analysis, it became clear that the challenges patients experienced during
their time of transition to self-management related to three areas: Knowledge, Resources,
and Self-efficacy (KRS). Below we show how the KRS areas frame two key themes: (1)
Gaps in System-based Self-Management support and (2) Elements of individual self-
management. Gaps in system-based self-management support relate to the importance of
hospital-based practices in supporting individuals as they transition from hospital
management to self-management. Elements of individual self-management relate to the
various states of individuals in their journey towards effective self-management. Below we
describe findings by theme and provide quotations to illustrate each theme. We identify
participants with a code: The first letter indicates the site as adult (A) or pediatric (P), the
second letter designates patient (P) or caregiver (C), and the number is a unique
identification provided by the research team.
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Gaps in System-based Self-Management Support

Despite the large amounts of knowledge patients gain during a hospitalization, many patients
are still unprepared to successfully self-manage their illness at home. This finding was
present in both adult and pediatric populations and across different medical conditions. The
gap between hospital management and self-management is related to three key factors: (1)
most information transferred to patients occurs verbally, which makes it difficult for patients
to process and remember, (2) patients lack the necessary patient expertise to adequately
integrate the knowledge back into their lives, and (3) patients and caregivers often have low
self-efficacy, preventing them from accomplishing specific tasks. Although the later two
items are individual in nature, we identify how all three factors relate back to fundamental
system failures.

Challenges with verbal information transfer—Although most hospitals utilize
electronic health records (EHR) to document, order, and organize the care provided to
patients in the hospital, these systems support the information needs of clinicians rather than
patients. Despite the fact that patients are legally entitled to their medical information
contained within the EHR, most hospitals do not provide easy or timely access [33,47].
Instead, patients obtain most of their results and the reasoning behind the care they receive
verbally from nurses and physicians. However, without a concrete record for patients to refer
to, their ability to retain it for future use is called into question. Not to mention the
overwhelming volume of information presented over the course of a hospitalization:

I didn’t understand and they were talking so fast and I didn’t know what was
important and what wasn’t. Like | wasn’t able to tell my family what was going on
because there was just so much information. (PC04)

In addition to the lack of tangible information available to patients after a verbal exchange,
another important barrier relates to the physical and mental state of patients while in the
hospital. Often patients are not capable of interacting with the medical team in a way
conducive to effective information transfer.

I really was out of it, | was not the best advocate for myself while | was there,
because | was at such diminished capacity that | wasn’t advocating for myself like |
normally would when I’m in my normal state. (AP06)

Despite the strong efforts of hospitals to educate their patients in preparation for discharge,
patients continue to have large gaps in the information or knowledge needed to support them
in self-management due to communication challenges stemming from a lack of
understanding of complex medical information and being unprepared or unable to process
this information.

Lack of patient expertise—Although some discharge information provides a basic
framework for re-introduction into life outside of the hospital, many patients are not
completely prepared for this transition. Because patient-expertise requires some degree of
trial and error through real experiences, it is not surprising that patients are unprepared after
discharge. In the controlled setting of the hospital, patients are not exposed to the variety or
spontaneity of interactions they are likely to experience once they leave the hospital.
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I mean for her, she’s like “Am | still going to be able to do my sport?” Even though
they keep saying that, she won’t believe it until she does. (PC06)

So | felt like I was prepared to take care of him, it was just a matter of taking care
of him in our environment that we were going to. That | wasn’t sure about - and am
still not sure, we’re still figuring it out. (PC04)

However, for many, discovering a lack of expertise only occurs after getting back home.
Often, the lack of expertise relates to the ability to track important metrics or parameters
required for self-management.

If I can’t keep track, I forgot and then usually | need my parents to help me keep
track of some things, because if | don’t keep track of it | lose information. (PP05)

When patients lack expertise they feel overwhelmed or helpless, and not knowing where to
turn for help. In this situation patients clearly lack both knowledge and self-efficacy to
manager their illness.

Sometimes she’ll get sad or she’ll feel like she’s alone. (PC14)

Fortunately, instead of taking the time to develop their own expertise, patients turn to others
for help. Although many have discussed the importance of online patient communities
[18,26,52] as well as in-person patient support groups [32] that support the needs of patients
with a chronic illness, little is known about how a resource of peer expertise might help
people in the hospital prepare for self management. Nonetheless, we found that patients are
clearly interested in such a resource.

We haven’t [found any other families who need to deal with the same condition].
It’s something | would definitely like to do - being that we live in a smaller area,
our options are pretty small. (PC14)

Although we know that patient expertise does exist in the hospital, the ability for non expert
patients to obtain this form of support from those more experienced while in the hospital is
constrained because of privacy concerns or physical constraints related to an illness.

Due to gaps in knowledge, specifically understanding how to integrate their illness into their
daily routines after leaving the hospital, as well as poor self-efficacy, patients clearly lack the
expertise or confidence necessary to engage in self-management before leaving the hospital.

Low self-efficacy—Many patients feel completely overwhelmed by their illness, and this
feeling leads to the inability to effectively self-manage.

It’s been overwhelming, one day at a time. Just trying to - | mean it’s just
reorganization of your entire life. (PC06)

However, providing patients and their caregivers with simple support tools, allows them to
escape the cycle of despair and hopelessness. Support can come in the form of
informational, emotional, or instrumental (i.e. providing additional resources) [32].

When I’m really, really worried, | get really stressed out and no one helps me, and |
overstress and | get just - but when someone helps me, | stop stressing (PC05)
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Although hospital-based systems provide significant and diverse forms of support to patients
in the hospital, this support does not adequately prepare all patients for successful self-
management after leaving the hospital. We identified specific challenges in ensuring that
patients have the necessary knowledge, resources, and self-efficacy to support successful self
management. However, ensuring patients have the emotional and physical support
throughout their hospitalization, should help foster self-efficacy earlier which in turn should
help facilitate knowledge acquisition and ultimately the development of patient expertise
easing the transition to self-management.

Elements of Individual Self-Management

We found that both adult and pediatric patients and their caregivers discussed knowledge,
resources, and self-efficacy as important issues to support self-management. Based on these
findings, we developed the Knowledge, Resources, and Self-efficacy (KRS) Framework of
Hospital Discharge to describe how these elements intersect to support self-management
(Figure 1). We propose this framework because while SCT includes these concepts, it may
be limited in the hospital setting where sociocultural influences may be constrained. Also,
individuals have less control over their health because they may not (1) be physically or
mentally capable of engaging in or have control of their care or (2) have access to key
knowledge or resources because of clinician- and system-level issues.

In reality, patients might have two, one, or none of the elements, which can hamper efforts to
engage in self-management. We will describe each of the combinations of knowledge,
resources, and self-efficacy and illustrate them using quotes from the study.

Knowledge only—Patients could have only knowledge without resources or self-efficacy.
This situation is seen often in current hospital discharge practice in which patients are
provided information about medications, future appointments, and the plan for managing
their health. However, hospital staff do not (1) assess which resources patients have or (2)
provide time for patients to learn and practice skills that are needed to carry out the plans.

We saw an example of this in an adult patient (AP02). He had been admitted for Chronic
Obstructive Pulmonary Disease (COPD). Although he had been living with the disease
before being admitted and knew what medications he needed to take. However, due to
financial reasons he had to stop taking the medication, which exacerbated his symptoms and
lead to being admitted to the hospital.

I was off for a couple of weeks for financial reasons why | didn’t get it refilled and
stuff...My condition just became deteriorated. | had trouble breathing and | was
real fatigued all the time, and that brought me here.

He also stated that previously he did not have the motivation to adequately care for his
health, including proper use of the oxygen tank he had been prescribed. While he had always
cared for himself, he did not have the motivation to listen and learn from the clinicians on
how to best manage his health. Ultimately, he appeared to be gaining motivation to support
the full development of self-efficacy.
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I was just really ready to listen to what they were telling me because | knew there
was something that was out of my control, something that | needed to let somebody
else take care of and listen to what they were saying ... this was my health, because
| didn’t like the way | was feeling. So | was ready to listen ... | kind of felt it was
time to, like they say, put the cotton in your mouth and open the ears, because 1’ve
always taken care of myself, and listen to myself, and make my own decisions
based on myself. | never — but | thought it was time to listen to others.

Resources only—Some patients have resources but not knowledge or self-efficacy. These
patients have access to social and physical resources (e.g., family caregivers, access to health
insurance and a pharmacy to obtain medication). However, the hospital staff did not provide
them all the information needed to successfully manage their care because the information
was not tailored to their individual needs. Often, the materials that hospital staff utilize are
created for a general population, such as exercise and diet pamphlets that do not take into
account cultural dimensions. Also, the patients do not have the confidence to perform new
tasks because they did not have the opportunity to be taught and practice the skills under the
guidance of health professionals at the hospital.

PC04 provides an example of having only resources. The pediatric patient and his caregiver
had access to the medications that the pediatric patient needed post-discharge. However, the
caregiver did not have the information and skills needed to prepare the medication properly.

... they kept preparing me for the fact that this [medication] would have to be given
a certain way until he starts eating and then we can sprinkle it. It’s a tab that has the
little sprinkles inside of it. Well, when | went to the pharmacy to get his
medications, they didn’t give me that version of it. They gave me a like a horse pill
that | have to crush, and so they spent so much time preparing me for one thing and
then I got a completely different version of the medication ... | kind of wish |
would have gotten the medication maybe a couple of days before discharge, so |
could have done them in the hospital, like with the nurses, just so | would have had
a better idea of that. Because that first night it took me about two hours to do his
medications.

Self-efficacy only—~Patients with only self-efficacy represent few patients at discharge but
could still exist and be impacted by the current discharge practices. These patients have the
confidence to manage their health but lack the knowledge and resources to carry out self-
management. AP13 provides an illustration of self-efficacy only. She had been living with
Crohn’s Disease for over 10 years so she had the skills and confidence on how to manage
her health. However, she had been admitted to the hospital for a new kidney condition.

It’s kind of a habit I’ve cultivated over the last 13 years with Crohn’s, | make sure |
have everything — everybody’s questions in a row and | get them all answered ...
I’m kind of used to all my research being about guts and stuff, and all of a sudden
I’ve got kidneys to deal with...
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She didn’t posses the knowledge about this new condition because the clinicians did not
know what was causing the problem and the patient did not know much about kidney
disease. Also, she was having problems accessing adequate medical care where she lived.

Trying to get information from here to [Medical clinic] and [Medical clinic] to
here, because my insurance company wanted me to have my primary a little closer
to home, but I think that’s just not going to be a workable thing. We’re going to
have to figure something out.

Knowledge and Resources (Figure 1, area 1)—The patients who would benefit the
most from a restructuring of hospital discharge are patients who have knowledge and
resources, even though they lack self-efficacy. These patients have an understanding of their
disease and its management and have the resources to mange their health; however, they are
in need of motivation or confidence in their ability to manage their health.

Pediatric participant PP09 is an example of someone who has knowledge and resources but
lacks self-efficacy. The hospital provided the parent with information about post-discharge
care. The pediatric patient also had social support — their parent — and access to medical care
including on-call help via phone when needed.

I needed to know for the care of my son and they gave me everything what | need,
all the numbers, if I had any questions. They gave me my follow up appointment. |
mean, basically it was good. They gave me all the information | needed ... I did call
them ... because for his blood pressure - I’ve been doing at home so | did call them
on Monday just to make sure that his blood pressure and his pulse was in the right
range.

However, the patient did not have the self-efficacy to take their medications. The parent was
in the process of providing him the confidence in his ability to take medications through
teaching.

Right now, yes, it’s just me [the parent giving him the medications], but I’m also
training him. I’m telling him you need to know and now I’ve been training him so
he could look at the pills and knows what pill is what.

Resources and self-efficacy (Figure 1, area 2)—There may be patients who have the
resources and self-efficacy but lack knowledge needed to engage in self-management. It is
possible to easily address this by providing tailored information to patients before discharge,
which can be facilitated by clinical and/or personal technologies. These patients are likely to
have resources, including tangible and informational, available after discharge. In addition,
these patients typically have high levels of motivation to get their health back on track.

Caregiver PCO5 of a pediatric patient is an example of having resources and self-efficacy but
lacking knowledge. This parent was caring for her child and had the resources and self-
efficacy to learn about the medications her son was taking and she had resources to purchase
these medications. She also had some knowledge about what to expect after discharge.

...we looked up some of the medications like on Google that he’s on now ... we
talked about what appointments he was going to need after he was out, what
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appointments we had to come back for ... and following up with the kidney doctor
or the urology [doctor].

However, she lacked important knowledge about her son’s treatment plan, specifically what
medications he needed to take after discharge.

... 50 like when we left [the hospital] | wasn’t sure if | was still supposed to give
him the [medication] when we got home, | realized they had been giving him an
anti-acid in the hospital but there wasn’t anywhere on the form about whether or
not we should take them. So | think there was a slight gap in how everything -
information passing over.

Knowledge and Self-efficacy (Figure 1, area 3)—The situation in which patients
have knowledge and self-efficacy but not resources may occur frequently, in particular in
areas where there may be system or structural barriers to resources. An illustrative patient
could include a patient admitted to a hospital related to their diabetes. They have had the
disease for many years so they know about the disease and how to manage it. However, they
live in an area with frequent power outages so it is difficult to keep critical medication stored
in their refrigerator at the proper temperature.

AP12 exemplifies this scenario. She was admitted for a planned orthopedic surgery and had
been given information before being admitted and while in the hospital. She also had the
confidence to take her medications and understand much about the medical system and her
care specifically because she worked in healthcare.

I had kind of picked her [the surgeon’s] brain before on my pre-op appointment,
and I did a little research ... she has actually a documentary, like a short four-
minute thing on her website, it talks about what they do and what to expect and
then six or eight months down the road | should be going back to a more regular
routine.

However, she lacked the needed resources when the hospital, her health insurance, and her
military benefits did not coordinate, resulting in billing concerns.

...when I had called to schedule I had been told from my insurance company that |
had approval and I called scheduling, they said they didn’t have anything and
because I had military stuff pending on my surgery, she said “well, I can send you a
bill, but it’s going to be $60,000,” but they didn’t since then. And I called financial
aid and all that, they haven’t said “well, your patient portion is going to be this, and
this is how much,” so | have no idea what my bill looks like. And that bothered me
a little bit going into this, not knowing if I owe $10,000 or $10.

No knowledge, resources, or self-efficacy (Figure 1, area 4)—These patients lack
the knowledge, resources, and self-efficacy to engage in self-management. They may be the
most challenging at discharge but potentially have the most to gain from any support. Since
all of the subjects in our study had access to healthcare, by the very nature of being in the
hospital, we have no such examples to describe. However, here we provide a hypothetical
example to illustrate this case. Imagine a teenager who is a very recent immigrant, admitted
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to the emergency department because of injuries from a sexual assault. They come from a
culture where sexual assault is not discussed so they do not know about what constitutes
sexual assault and consequences of being sexually assaulted. Because of the psychological
consequences of being assaulted and being in a new country, they lack confidence in their
ability to manage their health or social interactions. Also, because they are not a citizen and
in a country with a medical system that they are not familiar with, they may lack the
resources to medical care after they leave the emergency department.

DESIGN OPPORTUNITIES

Our analysis at the time of transition after a hospitalization has highlighted the presence of a
gap between hospital based care and individual-driven care at home for both adult and
pediatric populations and across different medical conditions. This gap leads to challenges
for patients recovering from an illness to engage in self-management because often there are
not opportunities to (1) support health knowledge, (2) to access resources, and (3) promote
self-efficacy, each of which contribute to successful self-management outside the hospital. In
addition, hospital-based system challenges and individual personal traits contribute to this
problem. With understanding the contributing factors to this gap, designers have an
opportunity to focus on specific patient needs that provide support to patients during this
risky time of transition from hospital to home. Based on findings regarding expectations and
experiences post discharge, we first focus on system support issues ripe for potential design
improvements, then discuss the opportunities available to support individual patients who
are missing one or more elements required for effective self-management. We focused on the
opportunities that take place prior to discharge in preparation for self-management after
discharge to address pre-discharge expectations and prevent adverse experiences post-
discharge.

System Support

Traditionally, hospitals expect patients to begin self-management only at the time of
discharge. Although they provide resources to support this transition, we have shown that, in
reality, patients still struggle. Given the importance of the knowledge gained from patient
expertise and self-efficacy in supporting self-management, it is unrealistic to expect that
these elements will be present immediately at the time of discharge. Ideally, a system should
support their progressive development over the transition period, culminating with patients
completely engaging in their own self-management at the time of discharge (Figure 2). This
strategy supports patients as they develop the necessary skills, without having to worry about
failure, since they remain supported by the hospital.

Through the KRS framework, we can beging to understand the unique and varying needs of
patients throughout their hospitalization and morre importantly how these needs change
overtime. The framework will allow tools to be tailored to meet the individual needs of
patients in an early yet gradual and supported transition to self-management, taking into
consideration the unique constraints (both physical and cognitive placed on patients as a
result of their illness. In the following sections, we discuss technology opportunities to allow
hospitals to realize this goal.
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Capturing and Retaining Verbal Information—We have described multiple issues
with information exchange to patients due to communication challenges for hospitalized
patients that in turn can impact patients’ health knowledge and self-efficacy. These include
excessive amounts of information, unfamiliar or confusing medical terms, an inability to
process information in real time, and an inability to receive information in the first place,
due to altered states of cognition resulting from a patient’s illness. Not only is the volume
and content of information overwhelming for patients, but so is the speed at which it is
delivered, resulting in misunderstandings and errors [60].

In the outpatient setting, others have recommended an automated approach to capturing
verbal information [60], and in a cancer consultation setting, simple audio recordings have
improved patients recall of the information [61] and been rated highly by patients [1].
However, simple audiotapes provide limited search and retrieval capability. Capturing verbal
content during rounds and other hospital based clinician interactions could build on research
from the field of ubiquitous computing to go beyond simple audio recordings.

Although embedded capture and access technologies have the potential to encourage the
review of recorded conversations [38], further contextualization of this information has the
potential to improve its comprehension. For example, medication names, laboratory tests,
and even medical problems or diagnoses could be associated with relevant links or
InfoButtons (i.e., tailored medical information) [7,17] providing patients the ability to obtain
this critical information on demand at a time of their choosing.

Finding Expertise in the Hospital—To gain clinical knowledge and patient expertise,
patients, including the patients in this study, are spending more time online searching for
health related information, including other patients’ experiences, to address various gaps
[26,52]. In addition, we know that patient expertise is obtainable from both online
communities as well as in-person support groups, but these venues typically support patients
outside of the hospital [18,32]. Although preliminary work explores how social interactions
support children and adolescents with chronic disease in the hospital setting [59], more work
is needed to understand how this technology can support both children and adults during the
times of transition at the end of a hospitalization. Work is also needed to explore how
hospitals and patients can address the knowledge needs of patients who may not have
reliable or any access to online resources (e.g., lack of consistent internet access because
they live in a rural area or lack a steady income to pay each internet bill).

Besides directing patients to external resources, hospital-based support has the potential to
also fill the patient-expertise gap. Preliminary work [31,41] has shown the potential in
cataloging and archiving previous patients’ personal histories, experiences, challenges, and
solutions in a variety of different formats (e.g. written or video biographies), allowing
current patients to obtain this information from a trusted source with minimal effort. At the
very least hospitals need to enable patient access to expertise from their peers, and provide
ways for them to locate it within the hospital [19].

Supporting Self-Efficacy—Although we have described how gaps in clinical knowledge
and patient expertise can lead to low self-efficacy, systems supporting self-efficacy also
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support self-management, at least in the outpatient setting [12,14]. Preliminary work in
hospitals have shown that technology supports patient engagement leading to self-efficacy
through contextualized information and communication portals [22,23,63]. Although these
systems focus on care planning, goal setting, and medication tracking—all important for
improving self-efficacy—our results demonstrate the need for additional support tools.

We have reported patients’ challenges in understanding their capabilities and limits related
to physical activity and diet. In addition, patients commented on their ability to understand
how their actions impact certain clinical parameters—such as blood tests, changes in body
weight, or just their overall well being. Therefore, providing patients with the ability to track
a variety of parameters, outcomes or actions may help provide them with a better
understanding of (1) how their ability to meet specific goals has changed over the course of
their hospitalization and (2) how their behaviors and actions directly impact their clinical
course. Work outside the hospital has explored the benefits of self tracking related to general
wellness [20] and chronic disease management [55], but little is known about how this
technology can influence patients in the hospital. In addition, we need to develop
technological solutions that support the integration of self-tracking tools and electronic
health records so patients can see this data in context with the rest of their medical
information. These tools must minimize the burden of tracking personal information [42],
especially in light of the physical and mental constraints faced by hospitalized patients.
Finally, we need to expand our understanding how individuals utilize this type of
information [16], specifically focusing on how to frame the data to support patient goals and
self-efficacy, which are likely different from those needed to support general wellness or
chronic disease tracking activities outside the hospital.

Identifying Patients’ Needs to Provide Tailored Individual Support

The common thread across the design recommendations we have discussed thus far is that to
support patient self-management, hospitals and patients need to work together to identify
which of the three elements that patients possess. With this understanding, using the KRS
framework, systems can better tailor resources to meet the individual needs of patients. To
identify these needs requires both individual- and system-level considerations.

At the individual level, we need to ensure patients have the necessary skills required for self-
management (e.g. decision making and problem solving) [43]. By identifying individual
deficiencies in one or more of the three elements—knowledge, resources, and self-efficacy
—hospital staff can tailor specific strategies to fit the underlying needs. Most often this work
will rely on a combination of technologies we just described. However, to ensure resources
are allocated efficiently and effectively, understanding individual patient needs will be key.
In addition, these tools should support short- and long-term self-management tailored to a
specific type or class of medical conditions. Individuals with an acute medical condition,
such as a broken bone, and a chronic medical condition, such as diabetes, will need
knowledge, resources, and self-efficacy to engage in self-management. The difference lies in
how long self-management needs to be sustained. In particular, for individuals with chronic
diseases, their knowledge, resources, and self-efficacy needs may change over time and
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disease progression, and therefore the self-management strategies may need to adjust to
those changes requiring the use of flexible tools and strategies.

At the system level, hospitals need to support patients as they transition from hospital
management to self-management. This will require multiple changes to existing hospital-
based practices. Hospitals and clinicians need to improve how they educate patients about
their medical condition, remove the emphasis on verbal lines of transmission, support
additional patient-expertise searching, and ensure patients have the confidence necessary to
provide their own care without direct medical supervision. Finally, utilization of one or more
of these systems will require that hospital staff understand the individual patient and his or
her needs.

For both individual- and system-level design recommendations, consideration of the KRS
framework and how it supports self-management requires appropriate patient training and
education. Knowledge, the most straightforward, requires that patients gain clinical
knowledge and patient expertise required to engage in self-management of their illness. Self-
efficacy requires that patients gain the confidence and motivation required to change their
behaviors and for realistic goal setting. Finally, learning appropriate problem-solving and
decision-making skills, both key tasks in self-management [43,46], help individuals find and
access social and structural resources needed to mange their health.

Traditional hospital educational programs that only transmit information, which is usually
the same across all patients, should be replaced with tailored information that is appropriate
for their cognitive development (e.g., toddler vs. older adult) to support active learning.
Therefore, designers should explore how the key learning principles of growth, diversity,
cognitive development, and motivation [56], support the cultivation of self-management
skills. Hospital educational resources should therefore support methods that incorporate
these principles to support patients as they prepare for hospital discharge.

Limitations and future work

Although our work provides insight into the challenges facing patients around the time of
discharge from a hospitalization, we need to recognize its limitations. Our sample represents
the patients from only two different institutions in a single metropolitan area in the United
States. Although both institutions provide care to patients from a wide geographic area and
diverse sociocultural and medical backgrounds, our findings may not be generalizable and
therefore should be validated at additional institutions and locations within and beyond the
United States. In future work, we would like to follow patients throughout their
hospitalization to understand how best to begin fostering self-management. Finally, our data
focused exclusively on patients and caregivers, using their own perspectives and stories.
Given the significant role hospital staff play in these issues, they should be included in future
studies, not just obtaining their perspective on the challenges related to transitioning to self-
management, but more importantly on the development and validation of future
technological resources.
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CONCLUSION

In this paper, we describe how patients discharged from the hospital often are unprepared as
they transition from hospitals managing their illness to their own self-management. We
make three primary contributions. First, we show that—despite their best efforts—hospital
systems do not utilize their resources in ways that adequately support patients during the
transition period. In addition, we describe how patients lack the key elements of knowledge,
resources, and self-efficacy required for self-management outside the hospital. Finally, we
outline design opportunities for new systems to support patients in their self-management
journey. These technological opportunities have the potential to empower patients, affording
them the opportunity to focus less on living with an illness, and just living.
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' Knowledge | Resources

Figure 1.
The Knowledge, Resources, and Self-efficacy (KRS) Framework of Hospital Discharge.

Self-management (star). When lacking the complete set, patients may posses a combination
of elements (1-3), a single element (knowledge, resources, or self-efficacy), or no elements

(4).
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Ideally patients should have the opportunity to develop the necessary self-management
elements over time while under the support and guidance of the hospital and its resources

prior to discharge.
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