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ABSTRACT 
Smart patient rooms are arriving; however, their value has yet to 
be explored. We interviewed 20 patients in a rehabilitation hospital, 
which has patient rooms equipped with of-the-shelf smart home 
technologies, so the entertainment and environment are digitally 
controllable. This novel implementation supports varying control 
abilities through touchscreen, voice command, and accessibility 
controllers. The smart rooms and controls are potentially transfor-
mative for patients with reduced motor function, helping them re-
gain lost independence and control of their surroundings. Through 
semi-structured interviews, we explore how smart home technology 
deployed in patient rooms: interacts with patients’ needs, presents 
new challenges, and fts into the hospital context. We identify a 
range of considerations that inform how hospitals can integrate 
smart technology into their environment, including technology de-
sign considerations and adjustments to how hospital staf supports 
its use. These results take an important step toward understanding 
and improving the value of smart patient rooms. 

CCS CONCEPTS 
• Human-centered computing → Human computer interac-
tion (HCI); Accessibility technologies; 
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1 INTRODUCTION 
The smart patient room (SPR) — instrumented with a networked 
constellation of sensors, actuators, and interfaces — is arriving, 
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driven by the vision that it can provide a positive patient experi-
ence [23–25, 50, 63]. However, the value of SPRs is not clear. The 
HCI literature has extensively explored smart home technology 
(SHT) located in typical home settings, but the fndings on the value 
of the SHT are mixed [8, 53], and it is not clear if that value will 
translate well to a hospital context because the value that many 
people extract from SHT is entangled in the particularities of domes-
tic life. On the other hand, a rehabilitation hospital (RH) presents 
some valuable opportunities for SHT. Most patients admitted to 
an RH have just experienced a severe life-changing injury, illness, 
or disorder — such as a spinal cord injury (SCI), traumatic brain 
injury (TBI), or stroke. After being frst stabilized in an emergency 
room or intensive care unit (ICU) at an acute care facility, they are 
transferred to the rehabilitation hospital, where they will spend the 
next few weeks or months in recovery. When admitted, many SCI 
patients cannot move without assistance. They are confned to their 
bed or potentially a powered wheelchair and might require the aid 
of a mechanical ventilator. Their doctor will assess the possibility 
of gaining back any function they may have lost, but there is no 
guarantee. Many patients are understandably depressed by the re-
alization that their life has drastically changed. Patients can feel as 
though they have lost all independence and autonomy because they 
must rely on a family member or the hospital staf for everything — 
even simple tasks like changing the TV channel or turning of the 
lights in the room [38, 55]. In this context, the value proposition of 
SPR is clear but untested — perhaps it can return some autonomy 
to these patients in a time of need. 

In this work, we collaborated with the newly-constructed Uni-
versity of Utah Health Craig H. Neilsen Rehabilitation Hospital 
(NRH), where all 75 patient beds in the hospital are equipped with 
SHT. We conducted 20 semi-structured interviews with hospital 
patients — and six informal caregivers who were in the room when 
we conducted the patient interviews — to understand their experi-
ences in these patient rooms. Through these interviews, we explore 
how the SHT employed in patient rooms afects the patients at the 
hospital. Based on a thorough review of related works detailed in 
section 2, we developed the following research questions (RQ): 

RQ1) To what extent does SHT employed in patient rooms afect 
patients’ wellbeing? 

RQ2) What are patients’ challenges with the smart technology 
installed in their room? 

RQ3) How does the SPR ft in the context of a hospital setting? 

Taking a Thematic Analysis approach, we report on 14 overar-
ching themes we developed from these interviews, which we also 
develop into design considerations for other hospitals looking to 
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adopt similar SHT in their facility. Our research makes two main 
contributions. First, this work reports on the benefts and potential 
issues of adding commercial of-the-shelf (COTS) SHT to patient 
rooms at scale in a hospital; to the authors’ knowledge, this is the 
frst work to do so. Second, based on the analysis, we provide a list 
of the most important design considerations for hospital designers 
wanting to adopt a similar technology solution. Additionally, this 
work can serve as one example of how smart spaces might exist 
and provide value outside traditional smart homes. 

2 RELATED WORK 
There is ample research exploring smart homes and technology de-
ployed in a hospital context. However, no literature reports on how 
patients engage with SHT deployed broadly in patient rooms. Our 
research explores this gap. To better understand the intersection 
of these two research areas, we looked comprehensively at prior 
work on technologies that improve the patient experience, smart 
homes, and other HCI research in a hospital context. 

2.1 The patient experience and how technology 
aims to improve it 

Being hospitalized can be so disempowering, overwhelming, lonely, 
and boundary-violating [4, 5, 7, 20] that patients can be considered 
situationally impaired [44], in addition to being impaired by their 
injuries. The patient room becomes, in efect, a temporary home, 
especially for more extended stays [3, 37], which can be challenging 
for patients because they have limited control over the physical en-
vironment in the hospital [4, 35, 44, 61]. Research identifes a range 
of opportunities for technology to better support patients during 
stays: redesigning the nurse call system and improving interaction 
techniques with hospital technology [52], supporting video chat 
to combat loneliness [40, 52], and facilitating patient engagement 
in their care, mainly by providing information to patients about 
their condition, treatment, trajectory, care team, and other hospital 
details [33, 42, 43]. Ways for this information to be relayed to the pa-
tient involve several diferent means, including tablets [62], mobile 
tools [30, 35, 45], or even patient-centric information displays [64]. 
Beyond information sharing and presenting technologies, some 
patient room environment-specifc interventions like sun-synced 
lighting [15] and natural soundscapes [29] have been shown to also 
improve patient experiences in the hospital. Our research expands 
on this previous work by implementing an SHT package that aims 
to provide patients with information, entertainment, and complete 
control of their environment, with accessibility as a priority. 

With respect to accessibility and control, previous research iden-
tifes a need to better support patient agency in the hospital and 
changing needs during hospital stays as each patient’s condition 
fuctuates [21, 22, 42]. The single-patient rooms in the NRH, where 
we conducted the research in this paper, enable many opportunities: 
improving interaction, fne-grain lighting and sound control, and 
supporting video chat. Self-determination theory predicts that the 
capabilities ofered by the SPR can facilitate emotional well-being 
in these patients [48, 49], who otherwise would not be able to con-
trol these functions themselves. This led us to ask the following 
research question: RQ1) To what extent does SHT employed in 
patient rooms afect patients’ well-being? 

Conversely, HCI research exploring other kinds of technology 
deployed in a healthcare context has illustrated the many pitfalls 
that await deploying new technology in a hospital. Seemingly mi-
nor changes to nursing work practices and workfows lead to in-
formation loss, as seen with the introduction of electronic health 
records [31] and a computerized provider order entry systems [66]. 
Furthermore, hospital staf can abandon new technology in favor 
of old systems when they encounter usability barriers. Tang et 
al. provided an excellent example in a study where hospital team 
members showed hostility toward adopting a new mobile hands-
free voice communication system due to usability problems [57]. 
Some literature also suggests that technology deployment in patient 
rooms might have negative outcomes. While past work shows that 
it is possible for patients to feel at-homeness in a technology-dense 
ICU patient room [4, 58], being in a technology-dense environment 
can be overwhelming and increase stress for visitors [54] and pa-
tients [4]. This potential negative experience from the technology 
employed in a hospital setting led us to ask: RQ2) What are patients’ 
challenges with the smart technology installed in their room? 

2.2 Studying smart home technology in a 
hospital context at scale 

Modern commercially available SHT leverages two decades of re-
search [27, 28, 34, 65] to ofer a breadth of commercially-available 
sensors, actuators, digital plumbing [59], and interfaces that enable 
homeowners and renters alike to assemble their own smart homes. 
Smart home users have rich and diverse interactions with their 
smart homes. With these interactions, users express that SHT can 
provide them comfort, convenience, security, leisure, protection, 
productivity, and pleasure [27, 53]. Brause et al. expanded on this, 
showing that early adopters of smart speaker assistants use the 
technology beyond convenience and entertainment; they use it for 
companionship, health, and increased accessibility as well [8]. Even 
though all these previous studies were conducted in the context of 
a home, there is promise for a hospital application as well. Studies 
on “smart space” interactions outside of a personal residence are 
much less common for the obvious reason that most spaces people 
interact with outside of their own homes are public or shared in 
some way. Deploying and living with SHT in a shared household 
already comes with its own tangled combination of social issues, in-
cluding surveillance and privacy [9, 12], difering preferences [19], 
and new social dynamics [53]. The diferent social environment of 
a public smart space — even the basic idea of shared thermostat 
control [60] — is an even more challenging social context to design 
for. The complex nature of SHT installed in the public environment 
of a hospital is one of the interesting dynamics we want to explore. 

Regarding studying SHT in the hospital context, there are two 
major diferences in our research compared to previous work. The 
frst diference is the scale. Pervasive in vivo studies of novel tech-
nology are especially important in hospital settings [16, 51] and 
more broadly across ubiquitous computing [1, 10]; yet, they are rare 
because the complexity, cost, and safety concerns of deployment are 
prohibitive unless already planned by the hospital [16, 17, 26]. There 
have been some studies attempting an alternative approach, like pro-
totyping a single room [37], but it comes with limitations [11], like 
the fact that that room may be considered a special room and thus 
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may introduce confounds compared to being deployed across the 
hospital. The second diference is that we focused on SHTs installed 
in the patient rooms specifcally for the patient to use. Previous 
studies of commercially available pervasive technology in hospitals 
generally do not focus on patient rooms, instead exploring, e.g., how 
employee workfows change to accommodate new technology, then 
settle into routines and develop necessary workarounds [18, 56, 57]. 
Although patient rooms can impact patient safety, quality of care, 
worker safety and efciency, and organizational outcomes [47], 
studies of commercially available technology in these spaces were 
limited to lighting and sound environments [15, 29]. 

SPRs sit in a gap between these bodies of work: patients and their 
families are temporary inhabitants — so the smart home literature 
may not be relevant — while being in a hospital context complicates 
the deployment and usage of the SHT. This knowledge gap led us to 
ask: RQ3) How does the SPR ft in the context of a hospital setting? 

3 METHOD 
Doing research in a hospital setting and with the vulnerable popu-
lation who may inhabit an RH requires a careful methodological 
approach. In this section, we give a detailed description of our meth-
ods with the goal of facilitating other researchers in adapting our 
approach to similarly challenging research areas. The subsections 
below highlight techniques we used to ensure the most comprehen-
sive inclusion possible. The University of Utah Institutional Review 
Board (IRB) approved all the methods and procedures for this study. 

Figure 1: A smart patient room in the NRH with a hospital-
furnished iPad running the smart room app. Each patient 
room has lights, blinds, thermostat, television, and soundbar 
that can be controlled with the smart room app installed on 
a hospital-furnished iPad or on a personal device. In several 
rooms, the door can also be controlled. 

3.1 Research environment 
An RH primarily serves patients recovering from an injury, illness, 
disorder, or surgery with a diagnosis resulting in reduced motor 
or cognitive function. An RH is usually considered post-acute care, 
seeing patients after stabilization in another hospital; however, in 

some instances, patients are admitted directly from their homes. 
The NRH, where we conducted our research, is a newly-built fa-
cility designed with technology in mind throughout all phases of 
construction. Each patient room contains connected lights, blinds, 
thermostat, television, and soundbar, all controlled through an app 
on a hospital-furnished iPad or personal device. In several rooms, 
the door can also be controlled. This novel implementation supports 
variable control based on patients’ levels of independent mobility 
— including capacitive touch, voice command, sip-and-puf (SNP) 
controller, or traditional wall switches and remote controls. 

In an RH, patient stays are typically unplanned, and the duration 
varies by condition. For example, SCI patients stay an average of 60.8 
days (� = ±38.7) [13]. All patients have full days, with schedules set 
by a scheduler on the hospital staf to include three hours of daily 
therapy with occupational therapists (OT), physical therapists (PT), 
and speech therapists, in addition to traditional hospital activities: 
meals, nursing care, and examinations by physicians. Patients are 
often accompanied by a family member (caregiver), with some 
family members staying in the hospital overnight. 

3.2 Recruitment 
We used purposive and convenience sampling drawn from inpa-
tients at the NRH; we asked informal caregivers to participate if 
they were in the room during the patient interview. All patients 
were in the rehabilitation stage of their recovery with a diagnosis 
that resulted in reduced motor function. We recruited participants 
through medical team referrals and chart reviews conducted by 
clinical research team members to ensure they met the inclusion 
criteria. For the inclusion criteria — as taken directly from the 
recruitment fyer — our participants were: 

• At a minimum, seven years old. 
• In the rehabilitation stage with a diagnosis that results in 
reduced motor function. 

• Able to tolerate a 30-minute engagement for an interview. 
• Must be able to communicate in English. 
• Capable of consenting if over 18. Or if 7-17 years old, capable 
of assenting and parent permission. 

Our collaborators who assisted with recruitment through chart 
review were all medical providers who had access to and reviewed 
charts as part of their professional duties. Medical providers, primar-
ily OTs, helped us identify potential participants using the criteria 
outlined in the inclusion criteria. If a patient expressed interest, the 
OT provided them with a recruitment fyer and helped establish an 
appointment with the research team to participate in the study. 

We regularly met with our collaborators to see if there were any 
participants they excluded from the patient chart review and the 
general reasons why. We did this to ensure we were not excluding 
patients unnecessarily. Some exclusions were obvious; for instance, 
we excluded some patients who had sufered a brain injury resulting 
in a cognitive level that would not allow them to consent. However, 
it was through these collaborator meetings that we identifed some 
bias in our recruiting. The NRH services approximately 10% of 
Spanish-only or Spanish-preferred patients. We made an inclusion 
decision that participants “Must be able to communicate in English” 
because the research team is all English-speaking, and we were 
unable to retain a Spanish-speaking team member. We now know 
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this study design decision may have unnecessarily excluded some 
otherwise qualifed participants. For future smart hospital work, we 
will incorporate this population into the study through translated 
documents and the use of a translator for interview sessions. 

3.3 Consent 
Before data collection, the research team provided a written consent 
form to the participant and any informal caregiver present and 
reviewed it with them orally. However, since there is a potential for 
decreased motor function due to a spinal cord injury or disorder 
(SCI/D), we did not require a physical signature on the consent 
document. Instead, the interviewer read the consent paragraph 
aloud and asked the participant to acknowledge it. We recorded the 
interviewer reading the consent paragraph and the participants’ 
acknowledgment as part of the interview. Our IRB approved this 
alternative procedure. 

In the consent document, we clarifed that although the inter-
view would last approximately 30 minutes, we could take breaks or 
conduct the interview in multiple sessions. This principle is crucial 
when interviewing patients who have sufered a traumatic injury. 
As highlighted by Kabir et al., individuals with SCI have a higher 
degree of difculty with long speech tasks, and there may be an 
increased potential for fatigue [32]. We wanted to ensure we were 
sensitive and accommodating to this concern. 

3.4 Semi-structured interviews 
The primary means of data collection was 20 audio-recorded semi-
structured interviews lasting between 6 and 51 minutes — with 
an average of just under 24 minutes. The shortest interview was 
only because the patient primarily gave short, concise answers 
to the questions but still provided valid data. The next shortest 
interview was just under 8 minutes with P8 because she did not 
use the iPad. Nevertheless, we adapted the interview questions to 
understand her particular barriers to use; we report the specifcs 
in our fndings (4.3.1). For the semi-structured interview script, we 
included questions about the following: 

• Asking the patient to describe their injury or disorder and 
current abilities 

• Their familiarity and comfort with technology in general 
and previous experience with SHT 

• Their use of the smart features of their patient room; includ-
ing how they control the room and any positive or negative 
interactions they have had with the technology 

• The most important feature they use 
• Any issues with the SHT or its application 
• Anything else they wish they could control in their room 
• Feelings of independence or autonomy and quality of life 
• Others that might have used the SPR features (e.g., caregivers, 
visitors, or hospital staf) and their observed interactions 
with the technology 

• Perceptions of privacy and security of the SPR technology 

In all, we interviewed 20 patients and six informal caregivers. Our 
participants’ ages ranged from 20-78, with an average of 54.5. This 
range and the average age are consistent and represent the demo-
graphics of patients in an RH. We provide the detailed demographics 
of our interview participants in Table 1. Because the average age 

is in the mid-50s — with 13 participants over the age of 60 — it 
is understandable that many have not had previous experience 
with SHT. This observation is consistent with prior research that 
although older adults were active users of digital technology, they 
did so with weariness, suspicion, and circumspection [6], which 
could afect their exposure to and adoption of SHT. 

As part of the interview, we asked the patients to describe their 
injury or disorder regarding their remaining abilities and how they 
can control the SPR. In Table 2, we describe the patients’ abilities in 
terms of if they have full use, limited use, or no use of their voice, 
hands, arms, and legs. We further categorized the patients into three 
main categories, whether they can use the iPad capacitive touch 
screen fully, partially, or with voice control only. Additionally, in 
Table 2, we highlight the medical provider’s assessment of if there 
is a potential, through rehabilitation, to regain some lost function. 
This table helps provide context to quotes found in the fndings 
section by providing a link from patient insights to their current 
abilities and rehabilitation potential. 

3.5 Data collection, transcription, and analysis 
We audio-recorded each interview with the consent of the par-
ticipant. Immediately following the interview, we uploaded the 
recording to Otter.ai for initial automatic transcription. The noisy 
hospital environment caused errors in the auto-transcription; there-
fore, we listened to each recording and manually corrected it. 

The research team uploaded the transcripts into Atlas.ti for open 
coding and analysis. We used inductive coding and refexive the-
matic analysis to generate high-level themes from the data, similar 
to the approach outlined by Alhojailan [2]. A single researcher 
coded each interview. The frst author and a research assistant met 
to discuss the initial codes after completing the coding of interviews 
1 and 2. In this meeting, they collaboratively reviewed the code-
book, discussing each code and identifying any to delete, reword, 
or merge. Both researchers used this base codebook — modifying 
or adding codes as necessary — to code the rest of the interviews. 
As the researchers coded, they could see each other’s codes in the 
code manager, which eased the process of applying codes already 
in the codebook or creating a new unique code as necessary. If a 
researcher created a new code, we discussed it as a team, so both 
researchers shared an understanding of the evolving codebook. 

Once the research team completed coding 15 interviews, the 
codes and associated quotations were exported to a Microsoft Excel 
fle using the download feature of Atlas.ti’s quotation manager. The 
quotations were then copied and pasted to stickies on a Miro board. 
The research team then conducted several interpretive sessions 
where they analyzed the quotations tagged with codes on the Miro 
board and grouped them into high-level themes. 

After 15 interviews, we had exhausted our recruitment pool 
at the hospital and needed to wait for some patient turnover to 
happen. We decided to do the frst round of analysis while we 
waited because we did not want to lose the freshness of the data. 
After discovering some preliminary fndings from the frst round of 
interviews, we decided a second round was warranted because we 
wanted to evaluate whether we had reached saturation. Once we 
interviewed fve more patients, we were not identifying any new 

https://Atlas.ti
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Table 1: Interview Participants Details. Technology Level is their self-reported level of expertise with technology on a scale 
from one to fve (one being little to no experience with technology, and fve being an expert with technology). Participants 
ranged in age from 20-78, with an average age of 54.5. Most participants did not have much, if any, previous experience with 
SHT. The most common SHT was a Smart TV, with 11 of 26 participants owning or using one. Only one participant — a caregiver 
and friend of P15 — lived in a home with extensive smart home technology. The lowercase letter ’c’ denotes a caregiver. 

ID Age Gender Education Level Technology Level Previous Experience with Smart Technology 

P1 37 M Some College 3.5 TV, Alexa, Refrigerator 
P2 55 M Master’s 4 None 
P3 48 M Some College 3.5 None 
P4 70 F Bachelor’s 3 None 
P4c 70 M Master’s 3 None 
P5 55 M PhD 3 None 
P6 74 M Master’s 3 None 
P7 78 F Some Graduate 3.5 None 
P8 75 F Master’s 0 None 
P9 67 F Bachelor’s 3.5 None 
P10 62 M Master’s 5 TV 
P11 36 F Master’s 5 TV 
P12 69 M Some College 5 TV 
P13 68 M Bachelor’s Did not say Did not say 
P13c 66 M Bachelor’s Did not say Did not say 
P14 57 F Trade School 1 Alexa 
P14c 58 M Some College 3.5 Alexa 
P15 21 M Some High School 5 TV 
P15c 24 M Some College 5 Alexa, Google Assistant, Lights, TV, Speakers, Thermostat, 

Locks, Doorbell, Cameras, Smoke Alarms, Motion Sensors 
P16 21 M High School 5 TV, Alexa 
P16c 43 F High School 3 TV, Alexa 
P17 20 M High School 3 TV 
P18 67 M Some College 2.5 None 
P18c 68 F Master’s 2 None 
P19 34 F Some High School 3 TV 
P20 74 M Bachelor’s 2 TV 

codes or themes from the data and could confdently say that we 
had reached saturation for this study. 

Across all 20 interviews, we identifed 747 quotes, created 132 
codes, and developed 16 high-level themes that formed our results. 
For this paper, we excluded two themes — relating to patients’ feel-
ings on their transition to home — because we felt the transition 
from an SPR to their home is beyond the scope of this study and 
to manage paper length. The remaining 14 themes have been orga-
nized into subsections in the fndings section of this paper based 
on how they provide insight into a particular research question. 

3.6 Methodological refection 
Conducting this research was particularly methodologically chal-
lenging, both because this was an in-the-wild study being conducted 
in a dynamic hospital environment and because of the physical 
and mental state of our participants. After conducting the frst few 
interviews, we had a good idea that the SPR technology was useful 
for patients. Early on, we made a study design decision that we 
would notify technical support and the app development team as we 
identifed rectifable problems so they could fx them right away. We 

felt an ethical responsibility that the beneft to patients was more 
important than trying to keep the system the same throughout the 
study. Thus, rather than completing the entire study with the same 
version of the technology, we conducted the interviews in parallel 
with continued refnement of the SPR app and technology. The 
development team pushed out some bug fxes based on feedback 
during earlier interviews, so those same issues were not present in 
later interviews. The same goes for feature updates. The best exam-
ple is that the development team pushed out an update between 
the P14 and P15 interviews, allowing patients to use the SPR app 
on their personal devices in addition to the hospital-furnished iPad. 
As a result, personal device usage appeared in our later interviews. 
To manage this ever-changing research environment, we put equal 
weight on the codes in our thematic analysis process, regardless of 
how many participants expressed something within that code. 

The second challenge with conducting research in an RH comes 
from patients’ comfort and abilities. As described in work by Kabir 
et al. and Mack et al., working with participants who have limited 
abilities for accessibility research can be very challenging and re-
quires additional preparation and the agility to adjust methods on 
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Table 2: Interview Patient Abilities. This table describes the patients’ abilities in terms of full use, limited use, or no use of their 
voice, hands, arms, and legs. The last column is a medical provider’s assessment of their rehabilitation potential to regain the 
limited or no use function. Additionally, the table is broken down into three categories based on the patient’s ability to control 
the SPR app: iPad touch screen fully, partial ability to use the iPad touch screen, and voice control or SNP only. 

ID Voice Hands Arms Legs Rehab? 

Patients can use the iPad touch screen fully. 

P9 Full use Full use Full use Full use Yes 
P8, P17 Full use Full use Full use Limited No 
P7 Full use Full use Full use No use Yes 
P1, P10-12, Full use Full use Full use No use No 
P20 

Patients can partially use the iPad touch screen. 

P4 Full use Limited Full use Limited Yes 
P3, P6 Full use Limited Full use No use Yes 
P5, P15 Full use Limited Full use No use No 
P14 Full use Limited Limited No use Yes 

Patients are voice control or SNP only. 

P2 Full use No use Limited No use No 
P18, P19 Full use No use No use No use No 
P13, P16 Limited No use No use No use No 

the fy [32, 39]. We adopted strategies outlined in their work to 
be more inclusive in our recruitment, consent, and study process, 
so we did not exclude potential participants due to their limited 
abilities. We specifcally wanted to include high-level c-spine SCI 
patients — like P2, P13, P16, P18, and P19 — who are more likely to 
exhibit respiratory complications, fatigue, and difculty sustaining 
voice or maintaining vocal intensity. Their interactions are critical 
to study since they stand to gain the most signifcant increase in 
autonomy through the SPR. 

One example to highlight our attempt to maximize inclusion is 
our consent form. In the study description of the consent form, we 
made sure to include that breaks could be taken as necessary during 
the interview and that the interview itself could be broken into 
multiple sessions as needed. This verbiage helped to ease patient 
anxiety and encourage their participation. P13 and P16 both used 
mechanical ventilators. Initially, our collaborators were going to 
exclude them as potential participants because of their respiratory 
difculties; however, after we discussed the fexibility to modify the 
interview as necessary, we included them. During P16’s interview, 
approximately 25 minutes in, he was experiencing pain, so he asked 
us if we could take a break so he could call his nurse for pain 
medication. He might not have felt comfortable interrupting the 
interview if we did not cover this during the consent process. 

4 FINDINGS 
We present 14 themes we developed from our collected data, orga-
nized in this section under the research question they address. Table 
3 maps subsection numbers to the corresponding theme. For brevity, 
the subsection titles used in the paper are shortened versions of the 
full themes found in the table. 

4.1 Smart home technology in patient rooms 
has a positive efect on patient wellbeing 

Our initial hypothesis, based on the literature from section 2.1, 
was that SHT in the patient rooms would contribute to a positive 
experience for the patient; however, patient responses were even 
more positive than we expected. Patients were excited to talk about 
how controlling their environment led to feelings of independence 
and autonomy. They also spoke about the signifcant quality of life 
improvement and how having control made the room feel more 
at home. Additionally, we discovered that their remaining abilities 
dictate the preferred method for controlling the room and what 
they view as the most important feature. They even provided us 
with additional technology ideas for the room. We developed fve 
themes that help to answer RQ1, described in the subsections below. 

4.1.1 Independence, autonomy, and control. 
Participants, who have recently had an injury or disorder causing 
new motor impairment, confrmed the fnding from prior work 
that they struggle with their lost independence, autonomy, and 
control over their surroundings. Three patients elaborated on their 
initial feelings of hopelessness post-injury; however, having the SPR 
gave them the ability to control some aspects of their environment, 
which yielded positive feelings of independence and autonomy. 

P19: Because it’s not fun when you’re in a position 
where you’re completely paralyzed. And all you have 
is your voice. That’s not, that’s not fun. But then, when 
you have a sense of control over something, so yeah, it 
does make me feel better. Like I still have, I still have 
control. A lot of times when you are in a hospital, you 
feel like you don’t have control over anything. 
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4.2 
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Table 3: To help navigate the richness of the fndings, this table lists the themes derived from our thematic analysis, including 
what section contains more detail on that theme. The bold titles are the primary fnding based on the related themes. 

Smart home technology in patient rooms has a positive efect on patient wellbeing. 

Section Theme 
4.1.1 The smart home technology provided feelings of independence, autonomy, and control. 
4.1.2 The smart home technology in the patient rooms creates a positive overall experience through improved quality of life and 

feelings of at-homeness. 
4.1.3 Patients had diferent ideas for the most important feature, based on which features they used and their abilities to control 

those items if the technology was not there. 
4.1.4 Patient abilities dictate the preferred method for controlling the technology, which can change with rehabilitation progress. 

The controls need to support all abilities. 
4.1.5 The smart room technology excited patients; therefore, they brainstormed additional technology they would want for 

controlling and sensing the physical space. 

Technical support, training, and software/hardware issues are new challenges. 

4.2.1 Once people rely on the iPad, losing access is a serious problem. 
4.2.2 The technology primarily works, but bugs and undesired behavior still appear and are especially bad in a hospital setting. 
4.2.3 The onboarding process does not fully meet patient needs or provide consistent support for self-learning or re-training. 
4.2.4 Patients have broad expectations for technology that go beyond how to use the app. 

The hospital context presents unique problems for smart home technology. 

4.3.1 The hospital is still a hospital, not private or permanent like a home, limiting patients’ feelings of ownership over their 
room and its technology. 

4.3.2 Patients questioned technology aspects of the room beyond the smart room technology. 
4.3.3 The commercial products that comprise the smart room are not specifcally designed for this purpose, which creates visible 

seams to the user. 
4.3.4 Some visitors and hospital staf also use the smart room technology. 
4.3.5 A hospital is a trusted place, so privacy and security were often a low priority for patients; however, a few patients still 

expressed some concerns. 

P11: Especially in my condition. I can’t walk by myself. 
I can’t get of the bed by myself. But having that iPad, I 
mean, the iPad next to me, so I can control some things, 
makes me feel a little powerful. 

These patients communicated a complex combination of grap-
pling with a major life transition and a sense of loss related to their 
changed physical ability, but also how the control aforded by the 
SPR might help to prevent those feelings from taking over. 

4.1.2 Qality of life and feelings of at-homeness. 
Patients felt that their SPRs provided a homey environment and 
were glad that the hospital had this infrastructure. 

P3: Its great independence with being able to do this, 
it’s great. It made me feel so much more at home here. 
With all the things that we’re controlling in the room. It 
is a great feeling of independence and pushing forward. 
Another step towards something you can do when you’re 
in this condition. 

Part of the SHT is a smart TV, Apple TV, and soundbar, which can 
all be controlled by touch or voice commands within the SPR app. 
Being able to easily control this entertainment package contributes 
to patients’ positive feelings toward their hospital room. 

P6: There’s a lot of hours, just sitting here doing nothing. 
Yeah. So the better the entertainment, and television, 
and all that stuf is, the better your overall experience. 

P17: You don’t have to just sit here and think about your 
injury because it’s hard to think about stuf like that. 
You can just have a TV and where it’s easy to control. 
So you can just like, I don’t know, just get your mind of 
of things. It’s nice. 

While many hospitals ofer entertainment options, the SPR is 
more accessible. This means that patients with motor disabilities 
can use the entertainment and accessibility features of the SPR to 
take their minds of the stressful circumstances of their condition. 

4.1.3 The most important smart room feature difers by ability. 
We anticipated that there might be a consensus among patients for 
the most important feature, but one did not emerge; six said blinds, 
another six said thermostats, two said lights, and one said voice 
control. Five patients would not identify a single feature stating 
that multiple or all of the smart features were the most important. 
Instead, participant responses were tied to performing a function 
they felt they could not accomplish easily without assistance. 

P17: The thermostat is super cool. It’s just nice to be 
able to do it in the bed. You know, I don’t have to get up. 
It’s really hard; it takes a long time for me to get up. 
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Participants picked the most important features based on what 
they could control without the SHT. For example, P15 had no leg 
function but limited arm movement and hand dexterity, so recog-
nized he could still use physical switches for the lights. 

P15: And the most like useful, probably that is just like 
common, is probably the blinds because that’s the only 
thing I’ve done that I might not be able to do on my 
own. Like the lights I could do if I wanted to take the 
time to do it, you know like go all the way around the 
room, so defnitely the blinds. 

He perceived that the only way he could control the blinds was 
through the SPR app; thus they were the most important feature. 

4.1.4 Abilities dictate the preferred method of control. 
Such a wide range of injuries or disorders cause reduced motor 
function at many levels; the SPR needs to accommodate all of these 
patients. Patients highlighted issues with the current implementa-
tion and some even developed methods for making the technology 
more accessible for their needs. 

Interviewer: Okay, so I noticed you’re using the app 
on your phone. That’s just your personal phone, right? 
That you use it on? 
P15: I don’t like the iPad because it’s too big for me to 
like, hold. 

Although P15 had full use of his arms, his limited hand and 
fnger strength meant the hospital iPad was too big for him to 
hold. Luckily, he installed the SPR app on his phone — which he 
specifcally bought sized for his abilities — and controlled the SPR 
from his device. 

P2 also had limited dexterity in his hands and fngers. Despite 
this limitation, he demonstrated how the capacitive iPad touch 
screen enabled him to use the SHT. He was grateful, considering 
he could not use the traditional physical hospital buttons. 

P2: I use a little bit of touchpad where I can, if I can 
touch it with my knuckle. [. . . ] To move 40 channels, I 
can kind of scroll a little bit with my knuckle and try 
to get me close to the channel I want. And then, you 
know, voice command up or down to get me to the exact 
channel I want. But I just don’t have the dexterity to hit 
the buttons exactly. I usually hit the wrong button and 
go someplace I don’t want to go. 

For P2 to control what he wanted in the room, he learned to use 
voice commands in combination with his knuckle. P6 also found a 
solution that allowed him to control the SPR app using the touch 
screen despite his limited hand function and fnger dexterity. 

P6: I have arm mobility. And the system that my daugh-
ter and I developed, she stuck that stylus in this piece of 
foam. [. . . ] Most people, maybe they don’t need them; 
but I can’t operate this thing without something like 
that. 

Simply pressing an iPad stylus into a stress ball was an accessible 
solution for P6; this solution could have helped P2 and others. 

4.1.5 Ideas for additional technology. 
Patients also proposed ideas for additional technology for control-
ling or sensing in their rooms. Eight patients noted they could only 

control the bed by the physical switches located in an awkward 
spot by their head, and that impaired arm or hand mobility limited 
access to them. They wanted bed control incorporated into the app. 

P2: It [the smart room app] doesn’t control the bed at 
all, I’d like to be able to let my bed up and down. Which 
is really all I would do with it is just lift the bed up and 
down. But it doesn’t control a bed in the slightest. So 
that would be kind of nice to lay myself down and pick 
myself up a little bit more if I wanted to. 

Other participants proposed adding additional smart features to 
the SPR including doors, fridges, faucets, and even a wireless smart 
pulse oximeter, and their enthusiasm was notable. 

4.2 Technical support, training, software, and 
hardware issues are new challenges 

For SPRs, the new technology brings new challenges. The introduc-
tion of SHT brings reliability concerns [14]. Networked technolo-
gies do not have the same reliability as traditional controls, such 
as physical light switches. Beyond technical issues, there are prob-
lems with inadvertently placing the iPad out of reach of the patient. 
Additionally, SPRs require staf support for the SHT — training 
patients to use the technology. We developed four themes relating 
to SPR challenges, technical support, and onboarding. 

4.2.1 Losing iPad access is a serious problem. 
Maintaining access to the iPad was a critical issue. All but one 
patient (P8) we interviewed relied on the iPad to control their 
room’s SHT. P8 preferred not to use the iPad and instead used the 
physical remote or nurse call to control her environment. Patients 
described several scenarios where they had lost physical access to 
the iPad, usually because the hospital staf inadvertently placed the 
iPad out of their reach when helping transition the patient into or 
out of bed. If it stays out of reach when they return to their bed, 
the patient has lost the ability to control the room. 

P20: They’re pretty good about making sure I have 
access to it. It’s been out of reach a couple of times, and 
the next time they come around or something. I don’t 
bother them to come and get it, I don’t make them make 
a special trip. But I’ll ask them to bring it over to me 
when they’re in here. And they can leave it close by. 
Interviewer: If it’s not in reach does that kind of afect 
your mood at all? As far as not being able to control 
aspects of the room? 
P20: Well, sure. Then I’ve lost my power. 

The iPad and room infrastructure also sufer from common tech-
nological problems. It can become inoperative from an operating 
system or software malfunction or simply a dead battery. 

P16: Last Saturday, our nurse had to check the bed 
plugins and all that. Well, she ended up unplugging 
something and plugged something else into that wall 
over there, into that bottom one [. . . ] and it blew all 
the outlets. And it blew, and it took out the iPad, right. 
[. . . ] So we were out the iPad from Saturday to Monday. 
Because there wasn’t anybody here to reset the iPad. 

Patients who have become accustomed to controlling their space 
can lose that ability until staf fxes the issue. 
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4.2.2 The technology primarily works, but bugs and undesired be-
haviors still appear. 
Every patient we interviewed praised having the ability to control 
their environment. Without the SHT, many would have relied on a 
caregiver or staf to do it for them. Nevertheless, any technology 
has the potential for bugs and undesired behavior. Participants 
provided valuable feedback on issues they identifed while using 
the SHT. Four participants found a UI issue with the thermostat 
controls on the SPR app. 

P15: The app works fne. The only problem with it is 
the temperature. [. . . ] It was really frustrating that I 
couldn’t get it to work at all with the air. 

The thermostat control bug is a minor annoyance but highlights 
that bugs exist. More alarming is when the undesired behavior 
undermines their ability to control the room; for example, the early 
voice control system needed much improvement. P2 solely used 
voice control due to his limited abilities; he described to us some of 
the issues he encountered using voice control: 

P2: It doesn’t necessarily register my commands like, 
sometimes I say channel up. And it thinks I said “Chan-
dler.” I don’t know why it thinks I said “Chandler.” And, 
it does nothing when it thinks I said “Chandler.” 
P2: There is a function on it that’s frustrating to me: If 
I want to go to a certain channel, like channel 46, and 
I’m on channel 29, I have to go channel up, channel up, 
channel up, channel up. It won’t go directly to channel 
46 for me, for whatever reason. And it takes the com-
mand, like it writes the command on the screen. So it 
takes it, I can clearly see that it’s taking the command, 
but it doesn’t do anything it just sits there. 

Here P2’s only way to control his room is through a voice control 
plagued with bugs. These issues with voice control made controlling 
the room extremely burdensome. Worse is when the technology 
does not meet the user’s expectations, like when P2 realized the 
UI does not allow him to tune directly to a TV channel. Despite 
these challenges, the frustration was never so much that he stopped 
using it — the benefts to his independence, autonomy, and well-
being outweighed the frustration. The voice control has since been 
upgraded, and our later interviews confrmed that the voice control 
system was much improved. 

4.2.3 Onboarding process. 
During the interviews, participants described that they learned how 
to use the SPR through an onboarding process. The onboarding 
process is generally good; patients could use the room in part 
because onboarding worked. However, we learned that: 

• The timing of the onboarding is not always consistent. 
• Caregivers do not always get the same training as patients. 
• The information delivered is not always the same. 
• Retention of the information by the patient is limited. 

These observations demonstrate how the hospital staf can directly 
impact the patient’s comfort level with the technology in the room 
based on how they initially onboard and train the patient. For 
example, it is possible that P8 — who was highly reluctant to use the 
hospital iPad — did not understand the importance and capabilities 

of the iPad because she was not properly introduced to it and trained 
on it when she entered her room. 

Interviewer: So, did anyone ever show you what’s on 
the iPad though? Or? 
P8: No 
Interviewer: No? Okay. 
P8: Nobody showed me what was on this thing either 
[pointing to the hard-wired remote]. 

It appears that P8 was not properly onboarded to the SPR, or 
perhaps she was simply uninterested when the hospital staf wanted 
to introduce it; she was extremely hesitant to use any of the SPR 
features. Even when patients were introduced to the SPR features, 
they sometimes forgot how to control certain features and needed 
to be retrained or needed support because of a malfunction. 

P4: Well, we have a problem because my iPad didn’t 
work. And um, they said that tech person couldn’t look 
at it until Monday. And then the tech person looked at 
it, and then I guess they got it going. [. . . ] And I couldn’t 
hook my phone up to the hospital WiFi, because you 
need the iPad to do that and it wasn’t working. So, I 
just fnally got WiFi yesterday afternoon. So, I’ve been 
having to use the old-school remote. 

Furthermore, when hospital IT fxed the iPad, she was not trained 
on it, likely because the iPad was not ready when she was frst 
admitted. This lack of training created even more confusion. 

P4: They didn’t tell me which icon to hit so it took a 
while to fnd the right icon. [. . . ] I tried about fve or six 
before I went, oh, maybe it’s the U. 

P6 expressed the need for additional training. 
P6: At one point they sent up a guy from the physical 
therapy department who sat here and messed with it 
and got it working with the voice control, but I’ve long 
since forgotten how to do that. 

For people less familiar with technology, a single training session 
may not be enough. It was useful when other hospital employees 
were familiar with the SPR. P3 was grateful that his nurse was able 
to help him with the iPad. 

P3: But one thing that would be better with [the iPad] 
is with the brightness of the screen. It took me forever to 
fnd that, how to adjust the screen brightness. It was so 
dim. I couldn’t hardly read what was under everything. 
So I couldn’t fnd settings on it. And I’m not an Apple 
person. So, I didn’t know where to fnd settings on it. 
Luckily, last night, I fnally had one of the nurses show 
me how to make it brighter. 

Unsurprisingly, an increase in the amount and complexity of 
technology employed in a hospital environment increases the need 
for initial and ongoing training and support to maximize the value 
of the new technology. This new technology necessitates additional 
requirements and training for the hospital staf to help onboard, 
educate, and troubleshoot issues that arise with the technology for 
the patients. 

4.2.4 People have broader expectations for onboarding and technical 
support than just how to use the app. 
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In addition to supporting the technology in the SPR, this additional 
technology appears to have also increased patient expectations 
for technical support by hospital staf beyond just troubleshooting 
the SHT of the room. For example, P6 had issues with the AirPlay 
feature on his cell phone connecting to the Apple TV. His PT helped 
to get it working on his device, but shortly after that, his device 
stopped working with AirPlay. P6 expects that there should be 
dedicated technical support to help troubleshoot these types of 
issues, even though the problem was with his personal device and 
not necessarily with the SPR. 

P6: Anyway, somehow mirroring was important, and 
he had it working. And by the time he got out to the 
elevator, it wasn’t working. There was some thought 
that he might come back, but he hasn’t. And I don’t 
really want him to. It’d just be; I don’t want to take the 
time of somebody who’s a dedicated physical therapist, 
who just happens to know how this works, as opposed to 
having a more or less formal introduction to everything 
and support from...a computer geek. 

This example demonstrates the expectation that technical sup-
port extends to any technology adding to the patient experience 
at the hospital, including personal devices. This new requirement 
creates an increased demand and a new staf role that hospital ad-
ministrators must account for; they will have to set guidelines and 
policies for handling these technical support issues. 

4.3 The hospital context presents unique 
problems for smart home technology 

SHTs, by name and function, are designed primarily for the home. 
A home is a private and controllable space. Usually, the SHT in a 
home is selected, installed, and managed by a resident. When an 
organization scales up the SHT to an enterprise-level setting, such 
as a hospital, it creates new challenges. Here, residents only tem-
porarily occupy the space; they are merely users of the technology 
with little control over its administration. Five themes — related to 
how SPR technology fts in a hospital setting — help answer RQ3. 

4.3.1 The hospital is a hospital, not private or permanent like home. 
Although having the ability to control elements of the environment 
does provide feelings of at-homeness, for two patients specifcally, 
the hospital did not feel like home. P15 expressed positive feelings 
despite not feeling at home when he said, “Not necessarily like 
home, no. It’s more like a better feeling, I guess. Being able to not 
like stress about being able to turn of the lights and stuf like that.” 
P14 shared a similar perspective, “I mean, it’s a hospital no matter 
how you look at it.” Hospital designers intended the patient room 
to feel like a personal space, but that does not mean it truly is. It 
was apparent through the interviews that several patients felt the 
hospital iPad was not theirs, making them hesitant to use it. 

Interviewer: How have you been controlling the ele-
ments of your room? Have you been using the iPad or 
mostly the remote? 
P8: Remote 
Interviewer: Remote, OK. Did they bring an iPad into 
your room? I guess the iPad is right here. 
P8: Yeah, but that belongs to somebody else. 

Interestingly, P8 uses the TV and the hard-wired bed remote — 
that is also hospital property; however, she will not use the hospital 
iPad because she feels it does not belong to her. 

4.3.2 SPRs cause patients to question all aspects of the room. 
Although we were trying to explore SHT specifcally, the presence 
of the SHT seemed to prompt our participants to question whether 
any room feature was smart or not. All room elements — like the 
architectural design, bathroom fxtures, medical equipment, etc. — 
become part of the SPR. For example, four patients discussed the 
placement of the digital clock in the room: 

P4: My biggest complaint is the placement of the clock 
that’s just really stupid. [. . . ] I can’t see the hour, you 
know, and I see the minutes and the seconds, and I’m 
thinking you know. I woke up last night at 3:45 and I 
had no idea what “45” it was. 

Another patient highlighted an architectural problem with the 
blinds in the room. The window is partitioned into four sections — 
separated by structural columns — with motorized smart blinds for 
each section; however, this creates a problem. 

P15: Another thing about the blinds though is, I’ll be 
laying in bed and you see all those gaps. The sun will 
be like just exactly like in my eye. Like even with the 
blackout blinds all the way down there’s still a gap. 
P15c: I had that problem yesterday. I was lying right 
here and the sun was coming through this little gap 
right here. I just had to scoot down a little bit, but it 
wasn’t that big of a deal. 

This example highlights that there is no delineation between SHT 
and the traditional equipment in a hospital room. When hospital 
designers implement this technology into the patient room, the 
entire room becomes a smart space in the eyes of the inhabitants. 

4.3.3 The smart room technology is an integration of several com-
mercial OTS products, creating visible seams. 
The SPR enables control over many aspects of the room through the 
iPad SPR app; however, there are still many features that patients 
want to be integrated into the app. As mentioned in 4.1.5, control of 
the hospital bed is one such feature. The underlying problem is that 
the bed manufacturer keeps their interface with the bed proprietary 
and will not allow the app development team to control the bed 
from the app. Edwards et al. mention this challenge of impromptu 
interoperability [14]; many of the COTS SHTs and medical devices 
are incompatible and operate as isolated islands of functionality, 
creating visible seams and holes to the user. 

Another issue with seamless integration is incorporating voice 
control into the SPR app. Since the iPad is an Apple device, the 
command to open the SPR app is, “Siri, open the smart room app.” 
Then once the app is open, it captures all further commands and 
processes them directly, bypassing Siri. The voice commands for 
the SPR app all begin with the hot word “Mac” or “Sam.” These hot 
words were a design choice made by the development team with 
input from the STs, who identifed “Mac” and “Sam” as the most 
accessible names for individuals to say that have common speech 
impairments due to an SCI. However, this creates confusion about 
which hot word to use in what situation. 
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P2: And this is actually a little bit frustrating. You have 
to open Siri, and then tell Siri to open smart room. I don’t 
know why you can’t just open smart room. I mean, I 
don’t know why you have to go to Siri, then open smart 
room. But I’m sure it’s just the way the iPad works. And 
then the command of your smart room is “Mac” instead 
of “Siri.” So, you open with “Siri” and then you have to 
change channels with “Mac.” Which, I don’t even know 
why I have to call it a name. I don’t know why I can’t 
just go “volume up,” “volume down,” rather than “Mac, 
volume up, volume down.” But that’s what you do. 

Seamless system integration is a recurring theme brought out 
through our interviews. The SPR is a conglomeration of many sys-
tems. Many of them work well together, like the lights, blinds, and 
TV; however, other technologies create challenges to integration, 
like the hospital bed and Apple’s Siri. 

4.3.4 The technology in the room is not just limited to patients. Some 
visitors and hospital staf use it. 
Introducing SHT into a shared space makes it a shared resource; any 
stakeholder entering the SPR becomes a potential user. Caregivers, 
staf, and other visitors all use the SPR app to control the room along 
with the patient. Furthermore, several examples emerged where the 
hospital staf used SHT for other tasks — namely patient education 
and rehabilitation. P1 and P7 spoke to us about how the patient 
educators would pull up iPad content to help them visually convey 
material during education sessions. P3 talked explicitly about how 
his OT was working with him and the SPR app as tools for his 
rehabilitation. With his neurological condition, he struggled with 
arm mobility and fnger dexterity early on in his stay at the NRH; 
however, the desire to want to control aspects of his room led him 
to learn an adaptation of using his knuckle to control the iPad. 

P3: Because it [hospital iPad] teaches me what fngers 
have held, what fngers I tried to use, and what I can’t 
in order to operate it. And I’m getting so I can get my 
thumb out there myself enough to use the thumb, but my 
fnger can’t straighten enough to touch it directly like 
with my index fnger or whatever. And so I’ve learned 
to use the top of my knuckle quite a bit to touch things. 

He also spoke about how using the iPad helped him gain even 
more movement and dexterity as he continued pushing himself to 
do more and more, helping his rehabilitation. 

4.3.5 A hospital is a trusted place. 
As part of the study, we wanted to determine how the technology 
in patient rooms afected feelings of privacy and security and asked 
about it directly. Patients were aware of the hospital’s policies and 
procedures regarding patient discharge and preparing the room 
to receive the next patient. When the staf onboard the patient, 
the patient is notifed that the hospital-furnished iPad and Apple 
TV will be “digitally reset” upon discharge, clearing all personal 
information and data from the systems. Since patients knew how 
the hospital would manage their data, they seemed to be more 
accepting of the privacy and security implications of using the SPR. 
Overwhelmingly — with 14 participants stating it clearly — they had 
no concerns with the privacy and security of the technology in their 
room. However, seven participants brought up how cameras and 

microphones could invade their privacy, and two showed interest 
in how the hospital uses their data. Four expressed concern with 
the security of their accounts on the iPad or Apple TV. Regardless, 
even though they brought up these privacy and security concerns, 
no participant indicated it was a signifcant enough issue to change 
their behavior or the way they used the smart features of the room. 

This fnding was surprising. We hypothesized that introducing 
SHT into patient rooms would create a breadth of new privacy and 
security challenges for the hospital to overcome patient fears. As 
we examined the data, we learned that because the hospital is a 
trusted place, patients are less concerned about their privacy and 
security. For P4, it was a defeatist attitude that there is no privacy in 
a hospital setting, “Yeah, you gave up all of it, so there’s no privacy.” 
Whereas for P6, it is that privacy and security is not a priority 
because their life was suddenly changed forever by an injury. 

P6: Oh, I suppose there are a lot of things recorded on 
that, that one might consider rather embarrassing, but 
once you’re in a situation like this, it’s like, that’s the 
least of your problems because nobody really wants to 
see that stuf. 

Lastly, P19 brought up that the reason privacy and security are 
not a concern is that it is just part of being in a hospital. 

P19: It’s a hospital like they could watch, or they can see 
me. [. . . ] I’m paralyzed, and let me tell you what, I have 
no dignity left. It is just part of being in the hospital 
when you are paralyzed. 

Since the patients consider the hospital a trustworthy place — 
because they are there for medical care — they approach privacy 
and security concerns with a diferent perspective. 

5 DISCUSSION 
Integrating SHT into a hospital setting brings the future of smart 
hospitals one step closer to reality. Modern technology has the po-
tential not only to help patients control their surroundings but also 
to aid in rehabilitation, improve mental-wellbeing, enable auton-
omy, and greatly improve the patient experience. However, hospital 
decision-makers must consider important factors when implement-
ing new technologies in these settings. Based on our fndings, we 
provide insights into the potential integration of SHT into other 
hospital environments beyond the one we studied. We also ofer 
additional thoughts on onboarding and transitions into and out of 
the hospital. Lastly, we distill three important design considerations 
for a successful deployment of SHT in patient rooms. 

5.1 Broader context of smart home technology 
applied in other hospital environments 

An important outcome of this study is documenting the value that 
SHT provides to patients in the RH. In addition to efectively provid-
ing them with the ability to control their surroundings, it facilitated 
positive feelings of autonomy, control, and at-homeness; it also 
appeared to have a positive impact on patient mindsets and per-
haps their mental health as they come to terms with their changed 
abilities. When looking through the lens of Strengers’ “3Ps” for SHT 
— protection, productivity, and pleasure — we can confrm that it 
partly applies to the application of SHT in a hospital context as 
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well [53]; namely, productivity from increased patient accessibility 
and as a rehabilitation tool, and pleasure from the entertainment 
provided by the Apple TV and soundbar. However, our fndings are 
likely integrally tied to the particularities of an RH, like extended 
patient stays and the limited mobility experienced by many patients. 
For example, when patients discussed their sense of autonomy and 
how the SHT enabled them to control their space, their responses 
were deeply tied to their physical abilities and whether or not they 
would be able to control the same things if the SHT was not there. 
Another example is that participants exhibited a learning curve 
from frst admittance and onboarding through discharge. The ex-
tended stay in the RH makes it worthwhile for the patients to invest 
time up-front to learn how to use the system. 

In other hospital settings, the circumstances are diferent. Pa-
tients may not have the same disabilities or impairments, and their 
stays in the hospital might be more on the order of days rather than 
the typical stay of 8-12 weeks in an RH. The goal of an acute care fa-
cility is to stabilize and treat patients and then discharge them when 
treatment is complete or transfer them to long-term rehabilitative 
care. This rapid pace and short duration for patients could make the 
challenge of deploying a practical shared smart space even more 
difcult. In the NRH, it takes time to onboard and train patients 
on how to use the features of their SPR. Upon discharge, the room 
is “digitally reset” for the next patient by wiping the contents of 
the iPad and Apple TV back to an initial state, removing any data 
from the previous patient, and physically cleaning the iPad. It takes 
additional time to thoroughly clean and digitally prepare the room 
for the next patient. This extra time to onboard, train, and reset 
the room after the patient’s discharge may not be a good ft for a 
high-tempo acute care facility. 

One possible solution is for the hospital not to provide a device, 
such as the iPad, and instead rely on most patients using their 
own devices. This solution would obviate some of those factors 
but might introduce other challenges concerning compatibility and 
other kinds of technical support. In the near future, SHT may also 
become the norm, where using an app to control all aspects of a 
room’s environment is so commonplace that it does not require any 
demonstration or training. It remains an open question whether 
the value of the SHT that we observed in this hospital setting 
will be translated into other hospital contexts. Perhaps, with fewer 
disabilities, patients will more easily adopt the technology and still 
beneft from feelings of at-homeness by having complete control 
of the environment and entertainment in their patient room. 

5.2 Emphasizing the importance of onboarding 
The common practice in the NRH is to give patients access to the 
iPad and provide them onboarding training when they frst enter 
their room — as long as their medical provider has determined they 
are cognitively appropriate to use the iPad. However, the patient’s 
transition from acute care to the RH can be overwhelming, and there 
are some critical elements to consider when onboarding — adapted 
from a list of physical factors listed in Kabir et al.’s work [32]: 

• When frst admitted, patients are just starting their rehabili-
tation; movement, strength, and dexterity are at their worst, 
and they can vary over time, sometimes unpredictably. 

• Patients may struggle to accept the potential permanence 
of their life-altering illness or injury and therefore resist 
learning technology they believe they may not use afterward. 

• Many patients are very fatigued and under the infuence of 
strong pain medications when frst admitted; this can afect 
cognitive abilities, especially memory and learning. 

• Many SCI patients are on a mechanical ventilator when they 
frst enter the RH, which can make controlling the room 
with voice commands much more difcult. 

Onboarding and availability of retraining are especially important 
since patients may be dealing with some of these factors. In this 
hospital, an OT, PT, nurse, technical support, or health unit coordi-
nator does the onboarding, and each person might train the patient 
diferently. One way to improve the process would be to introduce 
a checklist of all the SPR features to cover during onboarding. This 
way, the patient can learn to use all aspects of the SPR early on. 
Additionally, since learning and memory can be challenges for the 
patient, there should be an easy way for the patient to request 
follow-on training. This request for additional training was com-
mon in our fndings, but as mentioned in section 4.2.4, patients 
are not always willing to ask for it. It is a good idea for trainers to 
occasionally prompt patients if they need additional training just in 
case they are too timid to ask for help. The opportunity for further 
training is vital for rehabilitation patients because their abilities can 
change or improve over time, and since their abilities can change, 
how they control the room can change — e.g., transitioning from 
voice control only to using the iPad touchscreen. 

5.3 Technology can help with transitions and 
other tasks within the hospital 

Even though transitioning from acute care to the NRH can be dif-
fcult, our results suggest that the SHT in patient rooms can help 
ease stress and uncertainty. Since patients can regain control over 
their lives through technology, it can positively afect their mental 
well-being. However, using SHT is not the only opportunity to aid 
transitional care. As mentioned, individuals with SCI/D may expe-
rience respiratory impairment requiring mechanical ventilation. To 
manage the chance of secondary complications, it is a goal for the 
patient to wean from the ventilator, when possible, as part of their 
rehabilitation progress in the hospital. There are numerous ways 
the SHT, or adjacent technology, might help with the mechanical 
ventilator weaning process, possibly by helping the patient to relax 
during the weaning session using the patient room soundbar, smart 
TV, or other technology like virtual or augmented reality devices 
to distract them from the weaning process [36, 41]. 

Another way smart technology can help the rehabilitation pro-
cess is with a more direct application for patient education and 
physical therapy. Interviews revealed that patient educators and 
therapists are exploring ways to use technology in their work with 
the patient. Educators use the iPad and smart TV to show and con-
trol educational content. While PTs use the capacitive touch screen 
as a rehabilitation tool for their patients, helping them to work on 
mobility. The patients like the iPad because it requires less force 
and dexterity than physical remotes while allowing them to control 
more features. Exploring diferent uses for the SHT in a hospital 
context beyond controlling the environment holds great potential 
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for reaching beyond “we put a smart home into a hospital room” 
towards realizing the potential of a smart hospital. 

5.4 Design consideration for future smart 
patient rooms 

We propose some design considerations grounded in the patient 
interviews and observations presented above. For hospitals looking 
to implement SHT in their patient rooms, we highlight that the 
design must be: 1) seamless, 2) universal, and 3) properly supported. 

5.4.1 Seamless. For a smart hospital to succeed, the systems in-
tegration must be seamless. As we highlighted in section 4.3.3 in 
our fndings, patients notice the seams and holes in the patchwork 
of technologies employed in their room. There is a constellation 
of technologies — the iPad is an Apple product, the lights are a 
commercial Crestron product, and an Apple TV is connected to 
an LG smart TV and soundbar — and the in-house software de-
velopers tied all these technologies together the best they could, 
with a custom smart room app. A custom app was required because 
COTS SHT is not designed for an enterprise context like a hospital. 
Currently, it is not possible to take a Google or Alexa assistant and 
install it in a patient’s room to control the lights, blinds, thermostat, 
and TV. That would increase complexity because Google and Alexa 
assistants require a personal account to set up the devices. 

Another seam appears because the smart room app does not con-
trol other technologies in the room like the bed, overhead lifting 
crane, patient charting system, pulse oximeter, the primary nurse 
call system, and other medical equipment. Because they are all 
proprietary systems, they do not integrate with the SPR, or at least 
not easily. If we genuinely want to build a smart hospital and not 
just a hospital with SHT, all these systems need to work together 
seamlessly. We call on SHT engineers to develop enterprise solu-
tions for contexts like hospitals, hotels, or businesses and medical 
device manufacturers to enable an interface with their products to 
leverage SHT’s capabilities of control for hospitals. 

5.4.2 Universal. The SPR needs to be universally accessible. The 
most considerable challenge we see for patients with little to no 
arm movement, hand function, or fnger dexterity is that the voice 
control is cumbersome to use. This issue is a signifcant problem 
for an RH accommodating a patient population with varying levels 
of motor function. Recommendations to make smart technology 
more accessible include having a more robust voice control sys-
tem. We propose this as future work to use machine learning to 
develop a new voice control model that can better handle speech 
issues common to patients at an RH. We must train the new voice 
control model to handle slow, slurred, or broken speech and speech 
dysarthria. The microphone setup and ability to invoke the voice 
control must also be more accessible. 

SPRs can also be more accessible by having diferent-sized iPads. 
The hospital should not rely on patients to supply their devices for 
controlling their environment. In this situation, it would be better 
to have diferent size hospital-furnished iPads that the hospital staf 
could easily swap out based on the patient’s abilities. Furthermore, 
as patients develop creative adaptations — like the stylus stuck in 
a stress ball for P6 — the hospital should invest in having some of 
them on hand to help other patients with similar motor function. 

5.4.3 Properly Supported. As considered in section 4.2, introducing 
new technology into the patient’s world creates an entirely new 
requirement for initial onboarding education, ongoing training, and 
technical support typically not required in a hospital. The NRH 
converted one of their OTs into a full-time SPR support personnel. 
However, from our observations and patient feedback, one person 
cannot service all 75 patient rooms. The frst few days of a patient’s 
stay can be tumultuous; they recently sufered a life-changing injury 
and can be more fatigued and less responsive due to medications. 
At this time, they receive the initial training on how to use the iPad 
to control their environment, which is good because they should be 
aware of the technology as soon as possible. Still, there is a need for 
continuing instruction and training during their stay as they engage 
more easily and gain more mobility, potentially altering how they 
can control the room. Moreover, just like with any technology, there 
is a potential for issues to arise, especially considering the sheer 
amount of added technology the SPRs bring. To avoid additional 
workload requirements falling on overburdened healthcare workers, 
which could contribute to burnout [46], dedicated and adequate 
technical support personnel should be employed to handle these 
training and technical support issues. 

6 LIMITATIONS 
While these fndings paint a clear picture of our participants’ expe-
riences in the SPR, there are some limitations to our method. First, 
we conducted only a single interview with each participant, so we 
do not know how much their perspectives and experiences evolved 
throughout their hospital stay and afterward as they transitioned 
home. Second, we would like to have reinterviewed patients who 
expressed difculties with UX elements that were updated to see 
how the improvements afected their experience. We acknowledge 
that reinterviews are only sometimes possible since the patients 
might have been discharged after the updates happened. Finally, 
we only interviewed patients and caregivers in this work, but the 
hospital employees also likely have additional perspectives on the 
SPRs that were not captured in this data. 

7 CONCLUSION 
SPRs have the potential to dramatically improve the quality of life of 
patients during their stay in an RH and possibly in other healthcare 
settings as well. We conducted semi-structured interviews with 
20 patients and six caregivers to gain valuable insight into the 
implementation of SHT in the patient rooms of an RH. Our results 
showed that 1) SHT does improve patient wellbeing, 2) technical 
support, technical training for patients, and software/hardware 
bugs are new challenges brought by the SHT in patient rooms, and 
3) the hospital context presents unique problems and exacerbates 
existing ones for SHT. Lastly, based on our analysis, we provided 
three primary design considerations for future implementations of 
SHTs in patient rooms. To be most efective, the design of the SPR 
should be seamless, universal, and properly supported. Even in the 
current imperfect state of the RH we studied, the impact of these 
rooms on patients is clearly signifcant. Yet, there remains so much 
room for the technology to continue to grow and develop into the 
workings of a truly smart hospital. 
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