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Abstract

Background: Thedesign and integration of technology within inpatient hospital rooms has a critical role in supporting nursing
workflows, enhancing provider experience, and improving patient care. As health care technology evolves, there is a need to
design “future-proofed” physical environments that integrate technology in ways that support workflows and maintain clinical
performance. Assessing how current technologies affect nursing workflows can help inform the development of these future
environments.

Objective:  We assessed the current challenges nursing staff face in inpatient rooms, gather insights on technology, and build
environment interactions to envision the design of atechnology-integrated “ Inpatient Room of the Future.”

Methods: A qualitative study was conducted involving semistructured interviews, shadowing, and focus groups among nursing
staff in the inpatient setting. Methods including horizon scanning, scenario analysis, technology assessment, and backcasting
facilitated a comprehensive qualitative analysis of current technology use and needs in inpatient nursing workflows to inform
exploratory design considerations for technol ogy-integrated envisioned futures solutions.

Results: In total, 26 nursing staff across 4 inpatient hospital units participated in this study. Analysis identified four major
themes considered central to designing a technology-integrated inpatient room that enhances nursing workflow and experience:
(2) the need for seamless integration of technol ogies advocating for a unified system that minimizes fragmented technology use
and enhances efficiency; (2) the potential for technology to reduce cognitive load, alleviate mental strain, and streamline complex
workflows; (3) afocus on enhancing interpersonal communication with specific emphasison toolsthat facilitate clear and efficient
communication among clinicians and with patients; and (4) theimportance of improved staff well-being with design considerations
aimed at promoting both physical and mental health for health care workersin the inpatient setting. Envisioned future solutions
included enhanced patient monitoring with automated measurements and actions through computer vision and datatriangul ation,
a smart electronic health record-integrated supply management system using computer vision to detect supply shortages and
auto-delivery of needed supplies, and a personal tech smart assistant capabl e of real-time patient monitoring and escalation, task
prioritization, and hands-free clinical documentation and communication.

Conclusions:  While current technologies address specific tasks, there are significant opportunities for better technology
integration, reducing cognitive load, enhancing communication, and promoting the physical and mental well-being of nursing
staff. Future research should focus on seamless technol ogy integration aligned with clinical workflows and implementing supportive
technologies that do not interfere with clinician judgment and critical thinking. Policy recommendations include oversight
mechanisms for evaluating artificial intelligence—enabled devices, safeguarding patient information, and ensuring nurses are
actively involved at every stage of technology development and implementation. Future inpatient unit designs should actively
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engage input from both nursing professional s and technol ogistsin devel oping future-proofed clinical spacesto ensurethe creation
of integrated systems that foster a cohesive and harmonious user experience.

(J Med Internet Res 2025;27:e68689) doi: 10.2196/68689

KEYWORDS

nursing clinical workflows; patient room design; user-centered design; health information technology; digital health; built

environment; technology integration; human-centered design

Introduction

The design of an inpatient hospital room, including both its
physical layout and the technology within it, significantly
impacts health care provider experiences and patient outcomes
[1,2]. Room design can help patients feel safe, promote asense
of calm, improve care satisfaction, and reduce length of stay
[3,4]. Thoughtfully designed inpatient rooms are also linked to
enhanced clinician satisfaction, increased market share, and
decreased staff turnover, while poor design can disrupt
workflows and hinder care delivery [5-7]. Critically, the design
of hospital spaces, including streamlined nursing stations,
single-bedded rooms, and improved line of sight to patient care
spaces, is linked to health care outcomes, contributing to an
evidence base in support of designing the built environment to
improve patient care [8,9].

Nursing staff are uniquely affected by the design of clinical
rooms and the technology within them. Physically demanding
tasks such as medi cation administration and patient repositioning
require efficiency in room design to minimize unnecessary
movement and physical strain [10]. Factors such as
patient-to-nurse ratios, assistance requestsvianurse call systems,
and alarm messaging add complexity to nursing routines, high
patient volumes often limit nurses’ timewith individual patients,
and time-intensive care for complex patients shorten windows
to complete routine tasks such as medication administration
[11,12].

Against this backdrop, the introduction of emerging health
technologies meant to support care delivery risks creating an
environment of cognitive strain, context switching, and
distractions[6], al of which increase risksto patient safety and
jeopardize health care outcomes. For example, centralized
situation displays (eg, monitorsthat aggregate and show patient
vital dataand other parameters) can improve information access
and speed of work, but may reduce bedside care and time spent
with patients [5,13]. Hands-free communication and aert
devices can enhance safety by notifying nurses of patient needs
or changing conditions, though poorly implemented alarms may
lead to “alarm fatigue,” “confusion,” and “safety risks’ [14].
Finally, the physical layout and mability of electronic health
record (EHR) documentation locations (eg, “touchdown”
stations) can either facilitate or impede important patient
communication and education [15].

The thoughtful integration of emerging technologiesin clinical
spaces is vital for developing “future-proofed” environments
that optimize nursing care delivery. A critical step in thiswork
is understanding how technology is currently used by nursing
staff—including physical and digital workflows, pain points,
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and opportunities areas—and future-casting where emergent
technologies such as nursing robotics [16], ambient
documentation, and computer vision might align with the built
environment to optimize their work. While existing literature
examines patient room design and emerging technologies
[17,18], research rarely takes a future-oriented approach to
eval uating the intersection of nursing, technology, and the built
environment and their implications for “future-proofing” care
delivery. Thereisalack of studiesthat move beyond identifying
current challengesto envisioning future scenarios and solutions,
limiting the application of futures methodologiesin nursing and
health care design.

To address this gap, we sought to delineate key considerations
for the integration of emergent technologies into inpatient
nursing care by answering the questions of how do inpatient
nursing staff (1) use current technologies in their work, (2)
experience challenges related to these technologies, and (3)
articulate preferences and priorities regarding future
technologies. By engaging with nursing staff working in the
inpatient setting through clinical shadowing, semistructured
interviews, and focus groups (FGs), thiswork offerskey insights
to guide the design of future-facing, technology-integrated
clinical environments that optimize nursing care.

Methods

Overview

This study was conducted as part of amedical futuresinitiative
aimed at envisioning the future of technology-enabled care
delivery and ensuring the long-term adaptability of alarge urban
health care institution. Led by an innovation laboratory within
the health care system’s IT department, the initiative focuses
on exploring, designing, and testing potential health care
solutions for emerging technologies. The laboratory uses a
variety of human-centered design (HCD) methodologies to
conceptualize, design, and devel op hew innovations, including
traditional qualitative design and design research approaches
[19], experience design [20], rapid prototyping and prototype
testing, and medical futures studies [21].

In this study, afuture-oriented HCD framework was applied to
move beyond problem identification toward envisioning
potential future scenarios and solutions [22,23]. These
approachesincluded ethnographic futures research [24], which
combinestraditional ethnography with future-oriented scenario
building to assess how nursing workflows and technology use
might evolve, and design futures [25], which integrates
specul ative design with participatory methodsto cocreate visions
of future clinical environments.
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Setting and Participants

The study took place acrossfour American Nurses Credentialing
Center Magnet—designated hospitals in a private, urban,
nonprofit health care system covering New York, New Jersey,
Connecticut, and Florida, representing over 1200 inpatient beds
and multiple clinica specidties. Participantsincluded registered
nurses (RNs) and Patient Unit Associates (PUAS) from these
hospitals, who were selected due to their continuous presence
in inpatient rooms and direct involvement in patient care.
Recruitment was conducted via convenience sampling, with
inpatient unit managers reaching out to eligible participants.
Organizational nursing leadership and the nursing informatics
department provided recommendations of specific nursing units
to engage, dueto the availability and use of technologies existing
in those units. All recruitment occurred through email. RNs
were specifically chosen as the target population as they
represent a category of staff heavily impacted by room design
and technology.

Data Collection and Analysis

Thisinitiative was grounded in health futures methodol ogy and
used medical futures foresight methods [26]. Before the

Figure 1. Study phases and methods workflow diagram.

Stage 1: horizon scanning
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qualitative research, horizon scanning, including a search of
relevant nursing and futuresliterature, was conducted to identify
emerging technologies (eg, computer vision, voice technology,
robotics, ambient room sensing, and biometric sensors) for
inpatient care and previously identified nursing-specific
technology considerations. Expertsin nursing informaticswere
also consulted during study devel opment to inform technology
assessments and guided interviews, and FG discussions with
nurses. Data collection was organized into 3 iterative phases:
clinical shadowing, semistructured interviews, and FGs. Data
collection guidesfor each study phase wereiteratively developed
using data collected from the previous study phase (ie, the
interview guide was developed using horizon scanning and
shadowing results, while the FG guides were developed using
horizon scanning, shadowing, and interview results). The
iterative inclusion of study resultsinto the development of data
collection guides was grounded in an HCD design approach
framework that focuses on the needs and experiences of users
to create effective solutions and incorporates concepts of horizon
scanning, technology assessments, and future scenario analysis
[15,21]. A summary of the study phases and methodsis depi cted
in Figure 1.
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Shadowing involved multiple 1- to 3-hour sessions to observe
nursesin their daily routinesto understand workflow, technol ogy
usage, and theimpact of room design on nursing tasks. Research
staff members (VAA and SL) were trained to document RN
behaviors and technology used, and to probe with follow-up
guestions to explain observed behaviors, identify perceived
challenges, and explore opportunitiesfor improvement. During
these sessions, researchers also conducted a technology
assessment to document the availability, functionality, and
placement of technologies within units. Observations were
recorded in field notes and subsequently imported into Figma
(Figmalnc) [27], auser experience design platform supporting
multimedia data for qualitative data analyses.
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Following shadowing, the interview guide was developed to
incorporate insights from horizon scanning, nurse shadowing,
the technology assessment, and a literature review on hospital
room design, design innovations, and technology use to enhance
nursing workflows. To gain a deeper understanding of
observations made during horizon scanning and shadowing,
interview topics included promptsto elicit nurses perceptions
of their overall work experience, workflow interactions with
technology use, clinical documentation workflows and
challenges, and experiences managing well-being and preventing
burnout. Researchers conducted 30- to 45-minute semistructured
interviews (in-person or via videoconference) with individual
nurses. To protect participants' privacy, interviewswere neither
audio- nor video-recorded. Instead, each interviewer took
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handwritten shorthand notes during the sessions, which were
then expanded and detailed immediately after each interview
to ensure accuracy and completeness. To mitigate bias and
maintain consistency in the data collection, research staff were
trained in interviewing techniques and note-taking, using
templates designed for each research activity.

After shadowing and in-depth interviews were completed,
emerging themeswere compiled and assessed viaFGs. To affirm
the previous observations and gain a deeper understanding of
the specific challenges faced by inpatient RNs, along with their
envisioned potential futures solutions, FG participants were
instructed by research staff (VAA and SL) to identify any issues
pertaining to a predefined list of broad topic category prompts
and suggest a potential solution to that issue in the format of
writing: “For [issue], | would love[solution].” The prompt topic
categories were generated using the literature and results from
previously performed shadowing and interviews. The prompt
category list included (1) physical and emotional stress, (2) ease
of device use, (3) physica congraints, (4) clinical
documentation, (5) physical care of patients (turning and wound
care), (6) patient education, (7) interruptions, (8) task
management and prioritization, (9) vital sign monitoring, (10)
alarm management, (11) multiple devices and software systems
for routine tasks, (12) communication and handoff, (13) room
supplies and turnover, and (14) technology and device support.
After creating their written responses to the prompts, the RNs
were alowed to verbally explain and add to what they had
written.

Using futures scenario analysis, FG nurses were also engaged
in speculative design activities to explore the potential impacts
of these technologies. Nurses were given cards that described
specific future technology solutions (Figure 1). They were asked
to describe their thoughts on these technologies and provide
ideas for what else they wished the technology to do.
Additionally, they were asked whether the technology would
improve their day-to-day work and to brainstorm how these
innovations could interact with each other. Verbal discussions
wererecorded viafield notes, and handwritten prompt responses
were collected and transcribed into a digital format. Each FG
occurred in person, included 2-3 nurses, and lasted
approximately 30 minutes.

Interview, shadowing, and FG notes were coded using
procedures designed to ensure thoroughness and reliability.
Datawere coded according to the principles of the “framework
for applied research” [28], which consists of a 5-stage process
including familiarization, identifying themes, indexing, charting,
and interpretation. Codes were primarily developed a priori
based on the quality improvement goals of the study and
designed to capture elements such as, but not limited to, room
features (eg, physical layout, technology, and noise), technology
aspects (eg, integration and barriersto use), and nurse workflow
(eg, tasks, decision points, communication, and interaction with
technology or space). Additional codes were developed by
reviewing, group coding, and discussions of a random sample
of interviews as a team. The genera development of themes
arose from the data, using the principles of grounded theory
[29]. While coded data were combined for thematic analysis,
participants were given identification numbers associated with
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their role and the activity in which they participated, including
shadowing nurse (SN), shadowing PUA, FG, and interview
nurse (IN). To enhance reliability, two researchers (VAA and
SL) conjointly took part in the coding and analysis process for
each interview, and any disagreements were discussed as a
group. Dueto the joint nature of the coding process, intercoder
reliability was not calculated. When coding was complete, the
outputs of quotations with each code were examined,
summarized, and grouped into themes. As a last step,
backcasting was used to cocreate a desired future for inpatient
care and to identify stepsto achieveit.

Ethical Consider ations

This was an observational study of a quality improvement
initiative. At the outset of this work, we anticipated that
participants (nurses) would be engaged in the design process
and would be solicited for feedback, which would inform
prototyping and future solution ideation. With this intent, the
work met the definition of quality improvement outlined by
NY U Grossman School of Medicine singtitutional review board
and therefore was determined not to be human subjectsresearch.
Accordingly, neither ethics review nor consent was required.
An ingtitutional review board—approved quality improvement
self-attestation was completed by the study team. Participants
wereinformed of the project and its goals, and individual verbal
consent was obtained at the onset of each activity.

Results

Participants

Shadowing was performed with three RN, including 1 assistant
nurse manager in an Observation unit and 2 staff nurses (1ina
telemetry unit and the other in apediatric cardiac intensive care
unit), each from 3 different hospitals. In-depth interviews were
performed with atotal of 7 participants, including 6 RNs and
1 PUA. Participantswere from different units across 4 different
hospitals. Interviews were conducted either in person or online
via the online videoconferencing platform Webex (Cisco
Systems). FGs were performed with 16 RN participants from
2 unitsin 2 different hospitals, with 1 participant being a nurse
manager.

Themes

Through the analysis of theinterviewsand FGs, 4 major themes
emerged to characterize the participants perceptions of what
the technology in an ideal inpatient room of the future would
do and address. These themes include seamlessly integrated
technologies, reducing the number of mental resources needed
to complete a task (ie, cognitive load), communication
improvement, and improvements for staff well-being.

A Need for Seamlessly I ntegrated Technologies

Many participants (n=8) emphasized the need for technologies
to seamlessly work together to support quality of patient care,
improve clinical staff workflow, and make tasks more efficient
to reduce time and effort for task completion. Nurses (n=2)
mentioned the burden of signing into and switching back and
forth between multiple systems, indicating that to accomplish
their work they are “required to switch between different
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systems and devices’” [SN1] and noted that they “ spend a good
amount of time at the beginning of [their] shift signing into
multiple systems’ [SN1]. Asapossible solution, one nurse said
they “would love a centralized software that connects all the
devices to integrate to al platforms’ [FG1]. Multiple (n=6)
participants noted that the systems and devices they use do not
communicate with each other, increasing the work burden. In
particular, nurses stated that tasks such as recording certain
vitalsrelied on manual dataentry, requiring the nurseto directly
input measurements into the EHR [IN1]. To address thisissue,
one nurse stated they “would love more seamless integrations
between systems to automate the flow of data without manual
entry” [FG6]. Such as with “a device that the RN can use and
information can flow into the chart wherever it is needed,
reducing the number of clicks’ [FG8]. Relatedly, thedesirewas
expressed to “limit where documentation happens to fewer
places...” [FG2]. In particular, it was suggested that “medication
reguests should be more seamless’ [SN2] and that the current
technol ogies“ require nursesto use multiple systems and devices
[resulting] inlonger time performing thetask and multipletrips
back and forth” [SNZ2]. Furthermore, one nurse noted that
systems not being able to communicate leads to an issue where
“adlarms continue to go off even when [they] are already at
bedside caring for the patients because [the hurse’s] hands are
too busy at the moment to shut the alarm off” [IN4].

Potential for Technology to Reduce Cognitive Load

A number of participants (n=12) highlighted how technologies
that assist with the consolidation and prioritization of tasks
could act as a personal assistant to help reduce the cognitive
load placed on busy clinical staff. Participants emphasized that
“nursing is one of the most interrupted jobs’ [IN6] with many
competing priorities, time constraints, and a need to multitask,
sometimes leaving nurses saying, “I don't know what to do
next” [SN1]. One participant mentioned that they “would love
to differentiate between critical needs and things that can wait”
[FG4] and that “for task management and prioritization, [they]
would love arunning [list] of prioritized tasks for each patient
so [they] can prioritize bathroom needs over water ask” [FG2]
or a“program that would help prioritize aerts or silence alerts
when [aready being addressed]” [FG9]. Additional requests
included, “asolution that can evaluate and differentiate. .. patient
care needs[asthey] relateto acuity, group proximity, efficiency”
[FG14], “aflag for time sensitivity” [FG6], and something to
“silence clinical equipment aerts if they are not real aerts’
[FG12].

To handle constant interruptions, participants stated that they
“would love a way to be reminded of tasks [they] haven't
completed, especidly if time sensitive” [FG6]. Similarly, the
participants expressed an interest in “reminders for common
time-based tasks’ [FG15], and the ability to “ group low priority
alertsthat remind me every 20 min before another” [FG3]. One
participant suggested that these aerts could come as “subtle
audio or visua reminders of which tasks need to be
accomplished at that time” [FG11]. To address the issue of
prioritization and reminders, participants highlighted that they
“would love asingle mobiletech that isasingle source of truth”
[FG13], such as“an iPad with alist of priorities for nurses that
minimize aert fatigue” [FG14].
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Technology Enhancement of Interpersonal
Communication

Some participants (n=5) saw an opportunity to simplify routine
communication tasks with technologies that are user-friendly,
streamline workflows, and ensure access to necessary
information. The nurses (n=4) expressed challenges of
communi cating between themselves, with physicians, and with
patients that may be remedied with improved technology. A
potential opportunity area for technology to improve
communication is during the handoff of a patient’s care. One
nurse said that “ For transfer of care from one nurse to the next,
| would love to see a quick/brief overview of this patient’s
current situation and needs so that | can quickly orient myself
to what needs to be done” [IN1]. With another expressing the
desire for a means of “writing things down quickly [such as
with an] old whiteboard...for othersto review without logging
into Epic” [FG14]. A system to track task transfer was also
desired, where the nurse “would love to submit arequest for a
nurse to assist with a specific task and be informed when it is
complete” [SN2]. Emphasizing the need for this aternate
communication, nurses expressed the need for “quicker
communication without needing to be on Epic,” with one nurse
reporting they “keep a small note pad in [their] badge with
certain standard information for quick reference, such as phone
numbers of physicians, because |ooking these up in the system
is complex and time-consuming” [IN2].

To enhance communication technologies, some nurses (n=2)
expressed a preference for hands-free communication options
“to hear notifications in my ear (privately) and be able to
respond hands-free” [IN4], such asan “ ear pieceaRN can wear”
to get or “delay natifications until a specific time” [IN4] or be
ableto address*“acall bell from another room or on my phone...
to tell them ‘I'll be there in aminute’” [FG10].

Opportunities for | mprovement of Staff Well-Being
Several participants (n=4) mentioned how a clinician’s typical
day can be physically demanding and how technology that
reduces the physical burden of daily tasks would be beneficial.
Within the theme of physical demands, subthemes arose,
including reducing alarm sounds, patient movement, and supply
management. Alarms represent a notable burden on staff, with
one participant saying of the persistent sound, “I go home and
still hear alarms’ (shadowing PUA1). Participants expressed
that they “would love the ability to not receive [alerts] when |
am [aready] intheroom” [FG14] or to “turn off aertsfor other
patients while in [another] room with a patient” [FG15].
Clinicians aso had concerns about theimpact of auditory alarms
on patients, expressing that, “for in-room alarms, | would love
an option to change the parameters or silence in-room alarms,
so that patients can sleep” [FG16].

Opportunitiesto relieve the physical burden of moving patients
were highlighted as an important means of improving clinician
well-being (n=4). Participants expressed the desirefor “adevice
that would help move the patient easily, efficiently” [FG1] and
for “help that doesn’t require another nurse” [FG7]. Suggestions
were made for “the bed to do it or away for a patient to do on
their own” [FG6], such as a “robot or way to ask for a second
person to come help” [FG2]. To improve “ device management,
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moving patients, [and] excessalarms,” one participant indicated
that they “would love wireless EKG leads, telemetry” [FG2].

The physical and time burden of supply and equipment
management was expressed as aconcern for participants (n=3).
Participants expressed that “moving clinical devices, such as
IV poles, Workstations on Wheels, from one room to another
takes physical work and time” [SN2]. They wished for a way
for theroom to be “ prepared with all the equipment and supplies
| need to take care of my patients, ahead of time” [FG14] or an
“easy way to find technologies needed at the bedside or...on
thefloor.” Medication administration was identified as another
cumbersome routine task, requiring nurses to “make multiple
trips back and forth between a patient room and medication
dispensing system/cabinet to keep track whether a medication
in need has been filled by the pharmacy” [SN2]. To solve these
issues, one participant noted that they “would love a machine
that delivers supplies when | need them for a patient at the
bedside’ [FG2], and “for the delivery of nonclinical, nonurgent

Stevens et al

things (blanket, pillows, water, linens, wheelchairs, and
walkers), | would love the things to be delivered ad hoc that
removes this burden on clinical staff so that they can focus on
patient care”

Envisioned Future Solutions

Table 1 describes future room concepts that emerged from
gualitative work asthey relate to these themes. Future solutions
were envisioned to enhance patient monitoring and observation
by using automated measurements and actions through computer
vision and data triangulation. During the backcasting stage of
analysis, astaff smart assistant viapersonal tech was envisioned,
adevice capabl e of real-time patient monitoring and escalation,
task prioritization across patients, hands-free clinica
documentation and communication, and with concise and
actionable natifications. A smart supply management system
integrated with the EHR was envisioned, capable of using
computer vision to detect supply shortages and auto-deliver
needed supplies.

Table 1. Mapping devel oped themes to envision future concepts for the “Inpatient Room of the Future.”

Theme Future room concepts

A need for seamlessly
integrated technologies
Limit documentation to fewer places

Centralized software to connect and integrate all platforms
Device that allows information to flow into the chart wherever it is needed

Computer vision and smart alarms that silence when the nurseis at the bedside
Automated measurements and actions through computer vision

Smart supply management system integrated with the EHR® to ensure efficient coordination of supplies

«  System that surfaces meaningful insights to clinical staff through data triangulation

Potential for technology  «
to reduce cognitiveload  «

Staff smart assistant via personal tech

Technology enhancement
of interpersonal commu-
nication

to what needs to be done

Opportunities for im-
provement of staff well-
being

Reducing alarm sounds

Wireless ECG® leads

Software to assist with the consolidation and prioritization of tasks
Software to differentiate patient care needs as they relate to acuity, group proximity, and efficiency

AlP-enabled software assistant to reduce cognitive load

Software to silence alerts already addressed

Software that times less urgent alerts to occur after the nurse leaves the patient’s bedside

Alerts with improved sensitivity to eliminate or silence clinical equipment aerts that are not true aerts
Reminders for common time-based tasks that come as subtle audio or visual reminders

Al toolsto provide abrief overview of the patient’s current situation and needs, so oncoming nurse can quickly orient

System to track task transfer to another nurse and be informed when complete
Communication tool that does not require logging into the EHR

Hands-free communication devices such as earpieces

Ability to address call bells from another room using a phone

Ability to turn off alarms for another patient in another room
Ability to silence in-room alarms so patients can sleep
Device to help move the patient easily that does not require another nurse

«  Smart supply system that delivers needed equipment, medications, and nonurgent things, such as blankets, to the pa-

tient'sroom

3EHR: electronic health record.
BAI: artificial intelligence.
®ECG: electrocardiogram.
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Discussion

Principal Findings

In this study, we found that inpatient nurses regularly interact
with technology throughout their daily workflow [30]. Future
technological improvements could reduce cognitive load,
enhance communication, and promote staff well-being. Nurses
showed interest in tools to reduce cognitive burden, including
task consolidation aids to help manage prioritization amid
frequent interprofessional communications and patient requests.
Physical well-being was another significant theme with nurses
interest in technologies that could alleviate the physical effort
involved with preparing rooms and moving patients. Future
methods prepare organizations for technol ogical breakthroughs
by addressing pain points and possibilities[21].

Situating Findings Within the Broader Context of
Technology, Built Environment, and Nursing Futures

Over half of the participants noted that some technologieslacked
the necessary integration with others. Thisfinding is consistent
with previous survey research findings that systems are not
integrated with clinical workflows, creating an experience of
many stand-alone solutions[31]. Theintegration of technology
systems can play an important role in care quality and work
sati sfaction among nursing staff [32,33]. Successful health care
technology integration requires a deliberate strategy [34]. For
this reason, as near-term initiatives are considered to address
needs, it is important to consider how the integration of new
and existing technol ogies can align with the desired future vision
of an inpatient room. Future concepts that emerged from our
work included computer vision—enhanced patient monitoring
of fall risk and wound healing, and datatriangulation to provide
meaningful insightsto clinical staff.

Nursing staff expressed particular interest in technology to
reduce the cognitive burden associated with managing multiple
patients and frequent interruptions. Nursesindicated a need for
more convenient communication methods and showed interest
in informa mechanisms for interacting with patients and staff.
Asobserved in previous research [ 12], participants emphasized
the challenges of managing tasks amid frequent workflow
disruptions and interprofessional communications. The
introduction of technology-based cognitive support tools may
positively affect clinical decision-making by supporting nurses
decisions, thinking, and workflow [35]. Participants emphasized
adesireto have apersonal assistant-iketool to consolidate and
prioritize tasks, reducing cognitive load. A smart staff assistant
viapersona tech may accomplish this. Emerging technologies
such as artificia intelligence (Al) and machine learning may
address these needs, with Al overlaying the integrated system
to provide ahigher level of care coordination. However, future
research is needed to eval uate how these supportive technol ogies
can beimplemented without interfering with clinician judgment
and critical thinking. Simulation studies with cognitive support
tools could help identify potential issueswith tool usability and
its effect on clinician judgment under stress.

Participants raised a desire for technological solutions to
improve physical well-being. Consistent with other settings,
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nurses emphasi zed the time and physical effort required to find
necessary equipment for room preparation, medication
administration, and movement of patients[36] and indicated an
interest in solutions such as robotics [37]. Exploration of the
use of delivery robots in inpatient care has produced mixed
results, as it can lead to interruptions and possibly lead to a
transfer of additiona activities to the nurse [16]. Robotic
assistive devices could help move patients and prevent back
injuries [38-40]. Assistive robotics systems are mainly in the
devel opment and testing phases, and more research is necessary
to ensure seamless integration with nursing workflows [16].
Previous research found concerns around job replacement due
to robotics and the need for regulatory policies around the
delegation of nursing tasks from humans to robots [41-43].
Innovations that reduce the physical and noise intrusiveness of
monitoring devices[44-46], or change how materialsand rooms
are prepared before clinician involvement [44-46] may represent
alternative solutions that can better support staff well-being.
Further research is needed to identify the most beneficial types
of technology.

Emerging technol ogies such asgenerative Al for communication
and clinical decision support [47,48] and computer vision for
video monitoring [49-51] are likely to have a function in
inpatient settings [52]. To promote equity, future research is
needed to assess potential differences in technological and
training needs between subgroups of nurses, such as by age,
and efforts should be made to co-design afuture inpatient room
vision with both technology partners and end users. Similarly,
equity should be considered for other end users, including
patients. Nurses must ensure that compassion and humanity
remain central to patient care amidst technol ogical advancements
[53].

Policy Recommendations and Other Considerations

To ensure new technologies and built environments align with
clinica workflows, heath care systems must prioritize
interdisciplinary collaboration involving nurses, other clinical
staff, technology devel opers, and facility plannersfrom the early
design stages. Adopting HCD principles in technology
integration and health care facility design will help ensure
innovations complement, rather than disrupt, care delivery.
Future-facing approachesin co-designing physical environments
(including virtua reality) have shown promise in non-health
care settings and should be adapted to the health care space
[54-56].

Flexibility and adaptability of infrastructure must be a priority,
allowing for easy integration of future technologies while
adapting to changing clinical needs. Cost-effective, long-term
infrastructure investment is essential, focusing on modular
designs for easy updates to physical hardware and technology.
Green and sustainabl e design principles should beincorporated
into building plans, promoting environmentally friendly
practices, and reducing long-term operational costs. Health care
systems must stay informed on the latest evidence regarding
the impact of physical environments on patient outcomes and
updateinfrastructure to optimize outcomes and reduce medical
errors. Reformsin zoning, permitting, health and safety codes,
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and environmental and efficiency standards are essential for
resilient, “future-proofed” building design [57].

To establish safe integration of emerging technologies,
particularly Al-enabled features in nursing care, oversight
mechanisms areimperative. The Food and Drug Administration
and other safety oversight bodies should play a role in the
evaluation and approval of Al-enabled devices to ensure
trustworthy tools [58]. The European Artificial Intelligence
Board, established under the Al Act [59], provides amodel for
coordinating Al policy. Privacy and security are key, and
policies must safeguard patient information in line with
guidelines from organizations such as the American Nurses
Association [60]. Nurses should be actively involved at every
stage of nursing-oriented technology development and
implementation. Continuous education and training for nursing
staff on emerging technologies and Al are essentia to bridge
the digital divide and ensure that nurses are equipped to use
these tools effectively.

Limitations

This study had several limitations. Foremost is the limited
sample size prescribed by the operational nature of this study,
and the inclusion of participants spanning multiple hospitals
and units prevents the ability to test deductive hypotheses and
perform subgroup analyses. The sampling strategy and sample
size used may limit the generalizability of these results,
particularly across diverse inpatient settings. Due to the small
sample size, it is unclear whether thematic saturation was
achieved for the various unit settings. Additionally, the use of
a convenience sample may have led to selection bias, as those
who volunteered for the study may have a different work
environment experience than those not readily available for
participation. Future research should consider expanding the
scopeto assessthe experiences of alarger sample of staff types.
Finally, as a precaution to protect patient and clinician privacy,
the nurse interviews and FGs were not audio recorded. The
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interviews and FGsthat occurred both in the hospital and office
settings were captured via the field researcher’s written notes.
Whileinterviewer training protocols and note-taking templates
were used to mitigate bias, alack of audio recordings may have
led to aloss of information or the introduction of biasfrom the
notetakers. Additionally, due to the small sample size and the
categorization of employees as a vulnerable group, the efforts
to protect the confidentiality of participants limited the ability
to collect demographic information. Thus, it limits the ability
to analyze theimpact of individual characteristics on outcomes
and generalizability.

Conclusion

As patient care continuesto evolve and the diversity of available
health technol ogies expands, nursing efficiency and care quality
benefit from a medical future-focused approach to inform the
design vision for an inpatient room of the future. The findings
reveal that while current technologies address specific tasks,
there are significant opportunities for technology integration,
reducing cognitive load, enhancing communication, and
promoting the physical and mental well-being of nursing staff.
By applying futures methods, health care organizations can
proactively identify and address these needs, so that
advancements are aligned with the practical realities of nursing
practice. RNs working in the inpatient setting highlight the
importance of seamlessintegration of technologiesto their work.
Future research should focus on implementing supportive
technologies that do not interfere with clinician judgment and
critical thinking. Policy recommendations include oversight
mechanisms for evaluating Al-enabled devices, safeguarding
patient information, and ensuring nurses are actively involved
at every stage of technology development and implementation.
It is important to strive toward a deliberate and holistic vision
for an inpatient room of the future. Future inpatient unit designs
should actively engage input from both nursing professionals
and technologists to ensure the development of integrated
systems that deliver a harmonious user experience.
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