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Abstract

Background: Older adults with dementia frequently exhibit hiding and hoarding behav-
iors, resulting in item loss. In long-term care facilities (LTCFs), item loss negatively impacts
the quality of care and increases stress for both staff and residents.

Objective: To evaluate the suitability and adaptability of a novel real-time location sys-
tem (RTLS) tag technology in mitigating item loss within LTCFs to improve care and
operational efficiency.

Methods: 30 semi-structured interviews were conducted with long-term care staff members
to assess the frequency and impact of item loss in LTCFs and to understand the adaptations
needed to increase the RTLS technology's utility in settings that care for older adults.
Results: Findings reveal that the loss of personal belongings and facility-owned items re-
mains a prevalent and persistent challenge in LTCFs. Respondents recognized the RTLS
technology’s potential to improve item tracking and alleviate the stress associated with
item loss. However, significant adaptations to the technology are necessary to meet the
specific needs of the LTCF environment.

Conclusions: The study corroborates the need for item loss mitigation strategies in LTCFs.
The proposed RTLS technology shows promise in addressing this need, with potential
benefits for improving care quality and operational efficiency.

Keywords: older adults, dementia, item loss, technology use, long-term care, caregivers,
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INTRODUCTION

Almost one in ten Americans 65 and older are
currently living with dementia, with Alzheimer’s
Disease (AD) being the most common form (Alz-
heimer’s Association, 2023; Manly et al., 2022).
AD is an irreversible, degenerative disease that
frequently manifests as memory loss, and hid-
ing and hoarding items are common symptoms
(Baumgarten et al., 1990; Hwang et al., 1998;
Jahn, 2013). Older adults with cognitive decline
and dementia make up a significant proportion
of the resident population in long-term care facil-
ities (LTCF), including assisted living and skilled
nursing facilities (Alzheimer’s Association, 2023).

When people with dementia living in LTCFs ex-
hibit hiding and hoarding behaviors, it can result
in the loss of items necessary for the provision of
care to residents by direct care workers (DCWs)
and other staff. Frequent item loss in the work-
place is likely to cause stress among residents
and DCWs and may disrupt care as searching
for items is a time-consuming task for an already
overworked and overwhelmed workforce (Bro-

daty et al., 2003; Lapane & Hughes, 2007). The
time and effort spent searching for missing be-
longings reduces the time spent providing care
to residents resulting in reduced quality of care
and negatively impacting residents’ quality of
life (Bokberg et al., 2017, Munyisia et al., 2011;
Zheng et al., 2014).

In response to item loss in clinical settings, some
facilities have begun to implement real-time lo-
cation systems (RTLS) into the care of patients
(Berg et al., 2019; Gholamhosseini et al., 2019;
Overmann et al., 2021). RTLS technologies have
been explored in the context of hospital care,
proving beneficial for tracking patients, staff,
and assets within healthcare facilities (Fisher &
Monahan, 2012). Tracking a spectrum of items
in this setting, including medical devices, assis-
tive devices, equipment, drugs, and specimens,
has demonstrated tangible advantages in opti-
mizing workflows and enhancing efficiency for
both staff and patients (Fisher & Monahan, 2012;
Fosso Wamba et al., 2013).
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Figure 1. Fishbone diagram of the root causes and impacts of item loss based on literature review

Although item loss is recognized as a notable
issue within LTCFs and a common grievance
among LTCF residents, their family members,
and staff, little research has been done to docu-
ment specific mitigation strategies. The currently
available RTLS technologies have not been de-
signed to address the particular needs of staff
and residents in LTCF environments that serve
individuals with memory impairment who may
misplace, take, or hide items necessary for daily
care. These items include personal, medical, and
facility-owned items such as clothing, denture
cases, and wheelchairs, respectively. Moreover,
systematic reviews have not explored what fea-
tures direct care workers in LTCF settings would
find most beneficial in adapting RTLS technol-
ogy to meet the needs of residents and staff. In
this study, we proposed a novel RTLS tag tech-
nology specifically developed for care provider
use in LTCFs to help monitor and track items
and evaluated the suitability and adaptability of
this novel technology in LTCF settings. To do so,
we conducted semi-structured, qualitative inter-
views with 30 individuals working in LTCFs that
serve individuals with memory concerns. In un-
derstanding more about item loss in LTCFs and
working to reduce its occurrence, the quality of
life for older adults will improve.

Literature review

Existing literature provides insight into the types
of items commonly lost in LTCFs and why those
particular items are susceptible to becoming
misplaced. Studies have also been conducted
to understand the consequences of such item

loss in long-term care settings, with some stud-
ies beginning to explore possible technological
solutions. However, a majority of lost items and
RTLS research has been conducted in hospital
settings and has failed to acknowledge the unique
challenges faced by nursing homes and assisted
living facilities serving individuals with memory
concerns. In this section, we present an overview
of the causes and consequxences of item loss in
LTCF settings serving residents with memory con-
cerns, followed by a review of research on RTLS
in other care settings, before moving on to how
the technology may be adapted for use in LTCFs
serving individuals with memory concerns.

The fishbone diagram helps visualize the causes
and consequences of item loss in LTCFs, par-
ticularly those serving residents with memory
impairments (Figure 1). The diagram groups the
causes into five main categories: inventory man-
agement, staff training and compliance, resident
behavior, facility and resource management, and
security measures. Each of these categories is
further broken down into specific contributing
factors and the impact it has on different areas of
resident care and work environment.

Item loss: Frequency

Numerous research studies highlight the fre-
quency of item loss in LTCFs, two such studies
that focus on the quantitative data of item loss
in patients with dementia are by Hamilton et al.
(2009) and McGarrigle et al. (2019). In a study
involving 130 community-dwelling patients with
mild to moderate Alzheimer's disease (AD), 74%
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of the participants reported recurrent incidents
of misplacing items, which included the inability
to recall where the item had been placed. Fur-
ther, in an analysis of 2,775 users of an online
dementia symptom tracking tool, 28% (787 us-
ers) selected "misplacing objects" as a symptom
to monitor. This symptom was tracked across all
stages of dementia but was most commonly re-
ported in mild (32%) and severe (42%) stages of
dementia (McGarrigle et al., 2019).

Two additional studies from the Netherlands
closely examined item loss within nursing home
settings. Van Hoof et al. (2016) led a qualitative
study to investigate types of commonly lost items
and the resulting consequences (van Hoof, Dou-
ven, et al., 2016). The 12 early-stage dementia pa-
tients and their family caregivers enrolled in this
study participated in semi-structured interviews
and card-sorting tasks. Similarly, Weernink et
al. (2017) used a context mapping method with
thirteen nursing home staff to understand the use
of real-time location systems (RTLS) in long-term
care settings (Oude Weernink et al., 2017). To-
gether, the results from these studies found that
personal care necessities that residents use and
rely on daily, such as glasses, hearing aids, and
dentures, are frequently lost in LTCFs (Oude
Weernink et al., 2017; van Hoof, Douven, et al.,
2016). Furthermore, the participants of these stud-
ies reported losing personal belongings that hold
sentimental as well as monetary value including
jewelry, photographs, wallets, purses, and other
collectibles (Oude Weernink et al., 2017; van
Hoof, Douven, et al., 2016). Articles of clothing
and personal specialized assistive medical de-
vices were also documented as being commonly
misplaced (Oude Weernink et al., 2017; van Hoof,
Douven, et al., 2016). These findings are consist-
ent with another study which found that glasses,
keys, and cell phones were the most commonly
lost items among older adult patients and their
caregivers (n = 60) (Boudet et al., 2014).

Item loss: Causes

Resident behavior - Misplacing and hiding items
with the inability to retrace steps is one of several
behavior changes that is recognized as a sign of AD
(Alzheimer’s Association, 2023). Declines in short-
term memory recall can lead to confusion and to
forgetting where an item was placed indicating that
memory concerns were a primary driver of item
loss (Hamilton et al., 2009; J.-). Wang et al., 2012).
Additionally, Confusion among residents can also
occur when one resident takes another's belong-
ings without realizing it (Hamilton et al., 2009).
Hoarding behavior often seen in individuals liv-
ing with AD is another common cause of item
loss among older adults (Alzheimer’s Association,
Greater Missouri Chapter, 2017). Hoarding dis-
order was added to the Diagnostic and Statisti-

cal Manual of Mental Disorders, Fifth Edition in
2013 and is defined as collecting a large number
of unneeded items (Nordsletten et al., 2013).

Hoarding behaviors are more prevalent in older
adults, and this is especially true for older adults
with cognitive impairment (Ayers et al., 2010;
Diefenbach et al., 2013; Kim et al., 2001; Mitch-
ell et al,, 2019; Samuels et al., 2008). A study
conducted in a Taiwanese geropsychiatric ward
found almost a quarter of dementia patients (n =
133) exhibited hoarding behavior (Hwang et al.,
1998). Hoarding among patients with dementia
is often seen with other agitation behaviors, and
it is believed that hoarding in people with de-
mentia is related to seeking a sense of control
within their lives and a desire for security (Bicer
Kanat et al., 2016; Cohen-Mansfield et al., 1990;
Marx & Cohen-Mansfield, 2003; Rabinowitz et
al., 2005; C.-J. Wang et al., 2015; J.-). Wang et al.,
2012). Because of the excess number of belong-
ings and the disorganization often associated
with hoarding, items are frequently misplaced
(Steketee & Frost, 2003).

Staff training and compliance - The level of staff
training and compliance significantly impacts
item loss in long-term care facilities (LTCFs).
With no federal staffing requirements and state
regulations varying widely, most care is provided
by unlicensed workers (Han et al., 2018). Insuf-
ficient training leaves staff unprepared to handle
resident needs (Drake, 2020). Staffing shortages
further worsen the situation, increasing work-
loads and burnout (Brazier et al., 2023; Rachel
& Francesco, 2018; Scales, 2021; Xu et al., 2020).
A 2022 Kaiser Family Foundation study reported
nearly 30% of 14,000 nursing homes experi-
enced staffing shortages (Ochieng et al., 2022).
Furthermore, inconsistent documentation proto-
cols. Notably, many LTCFs lack standard invento-
rying processes to monitor items coming in and
out of the facility. A study by Oude Weernink et
al. (2018) found that when such protocols are in
place, they often involve documenting the per-
sonal belongings residents bring in and labeling
them with the resident’s name (Oude Weernink
et al,, 2017). Documentation may also occur
when contractual or rental equipment, such as
wheelchairs or air mattresses, from third-party
vendors, are brought into a facility for resident
and staff use (Oude Weernink et al., 2017).
When appropriately documented, item loss is
significantly less frequent (Marzano, 2022).

Facility and resource management - Hospitals
and LTCFs share similarities in terms of infra-
structure, resource management, and operational
needs. Therefore, insights from studies conduct-
ed in hospital settings can provide an under-
standing of challenges that may also be present
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in LTCFs. Facility and resource management are
crucial to minimizing item loss in hospitals and
LTCFs. Insufficient storage facilities can lead to
poor organization and difficulty in managing sup-
plies, making it easy for items to be misplaced
(Oude Weernink et al., 2017). Poorly designed
equipment and facilities can further heighten the
issue by creating environments that are not con-
ducive to effectively storing and tracking belong-
ings (Fisher & Monahan, 2012; Kamel Boulos &
Berry, 2012; Oude Weernink et al., 2017). The
lack of adoption of modern tracking technology,
such as inventory systems, also hinders the ability
to monitor and manage items effectively. Similar
challenges are faced in hospitals, emphasizing
the importance of advanced tracking solutions
in healthcare settings (Hall et al., 2017, 2019;
Heisey-Grove et al., 2014; Masciadri et al., 2019).

Security measures - Inadequate security meas-
ures are a final cause of item loss in LTCFs. Inci-
dents of theft can occur if proper security proto-
cols are not in place or are poorly enforced). En-
suring robust security measures and consistently
enforcing protocols can help mitigate the risk of
theft and improve the overall safety of residents'
belongings. Studies have shown that a significant
number of theft incidents go unreported, and
when reports are made, they frequently lack de-
tail. The participants in the study also indicated
that the absence of established protocols for lost
items further complicates the situation, making
it difficult to track and recover missing belong-
ings. The participants in the study also indicated
that the absence of established protocols for lost
items further complicates the situation, making it
difficult to track and recover missing belongings
(Caspi et al., 2023).

Item loss: Impacts

Although the criticality of item loss can be subjec-
tive, the loss of necessary and valuable items can
have adverse impacts on both staff and residents,
which can have a negative impact on LTCFs.
For residents, losing personal care items, such
as medications, glasses, hearing aids, and den-
tures, can result in negative health outcomes and
potentially a safety issue (Mann & Doshi, 2017).
Several studies, including those by van Hoof et
al. (2016), Powers (2003), and Oude Weernink et
al. (2017 and 2018), have documented that the
loss of these items, which are often required to
complete activities of daily living increases stress,
creates communication challenges, feeling of de-
pendence and can reduce overall quality of life.
(Oude et al., 2018; Oude Weernink et al., 2017;
Powers, 2003; van Hoof, Douven, et al., 2016).
Additionally, the loss of personal and sentimental
items like jewelry and photographs can lead to
emotional distress, reducing residents’ sense of
security and belonging within a care facility (Pow-

ers, 2003; van Hoof, Janssen, et al., 2016). For ex-
ample, in an ethnographic study conducted by
Powers, 2003, it was found that these personal
objects often held former life connections, rep-
resented self-expression and independence, and
held intrinsic value to residents. Therefore, losing
such items can strain relationships between the
facility, residents, and family members as replac-
ing these items can be costly and, in some cas-
es, impossible to do so if they hold sentimental
meaning (Shenk et al., 2004; van Hoof, Janssen,
et al., 2016). Additionally, privacy concerns for
many residents may arise with staff entering and
searching for missing items in a resident’s room
(Oude Weernink et al., 2017; Powers, 2003).

For DCWs and other staff in LTCFs, the reper-
cussions of item loss extend beyond the need to
replace the belongings. The increased workload
associated with searching for lost belongings
coupled with the pressure of widespread staff-
ing shortages and burnout exacerbates the chal-
lenges these workers face (Brazier et al., 2023;
Rachel & Francesco, 2018; Scales, 2021; Xu et
al., 2020). Nearly 30% of 14,000 nursing homes
surveyed in a 2022 study conducted by the Kai-
ser Family Foundation reported experiencing
staffing shortages (Ochieng et al., 2022). This not
only increases work hours but also places further
pressure on employees to enhance their pro-
ductivity and efficiency within tight budgetary
constraints (Ochieng et al., 2022). Furthermore,
individuals with psychogeriatric disorders often
suspect staff of stealing and may falsely accuse
staff of theft when they cannot locate their pos-
sessions, contributing to additional emotional
stress DCWs regularly experience in the work-
place (Brodaty et al., 2003; Costello et al., 2019;
van Hoof, Douven, et al., 2016).

Item loss: Possible solutions

Intelligent assistive technologies (IATs) refer to
a broad spectrum of technological devices and
systems with embedded computing capabilities
and network connectivity (Wangmo et al., 2019).
IATs have emerged as pivotal components in the
caregiving landscape for individuals with mem-
ory concerns, playing a crucial role in fostering
independence and enhancing social and mental
well-being (Cahill et al., 2007, Oude Weernink
et al., 2017). Various forms of assistive technol-
ogy have been developed to improve care and
the quality of life for older adults, ranging from
basic electronic reminders for medication man-
agement to advanced wearable sensors and at-
home monitoring systems that can detect falls,
track physical activity levels, and alert caregiv-
ers (Bharucha et al., 2009; Lopes et al., 2016;
Pappada et al., 2021). IATs can provide people
with dementia guidance, prompts, and auto-
mation to help them perform activities of daily
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living (Boger & Mihailidis, 2011; lenca et al.,
2017). These technologies have the capability
to enhance older adult’s safety through GPS to
track individuals who exhibit wandering behav-
iors and fall risk sensors to notify caregivers of
a fall (Bantry White et al., 2010; Bowen et al.,
2010; Daly Lynn et al., 2019; Oude Weernink et
al., 2018). As a result, this can enhance a person
with memory concerns to have social connec-
tions and independence (Cahill et al., 2007; Lee-
Cheong et al., 2022). With the help of artificial
intelligence, cloud computing, and the Internet
of Things, IATs are becoming more adaptive and
intuitive in everyday environments, providing
more personalized care (lenca et al., 2018).

RTLS systems, available in various forms like
pendants, watches, tags, or bracelets with GPS-
enabled technology, were first introduced in
manufacturing, warehouse management, and
automotive industries (Ding et al., 2008; Ferra-
cuti et al., 2019; Thiede et al., 2021). Since then,
RTLS technologies have undergone significant
advancements, resulting in a diverse range of
commercially available options varying in price
and accuracy (Reinsch, 2020; B. Wang et al.,
2013). RTLS systems involve attaching tags to
assets and staff and placing fixed beacons on
the premises to collect information about the
location of these tags (Clarke & Park, 2006; Go-
yal et al.,, 2022; Thiede et al., 2021). To do so,
RTLS technologies encompass various tracking
mechanisms such as radio frequency identifica-
tion (RFID), Bluetooth beacons, ultra-wideband
(UWB), and Wi-Fi networks, each contributing
to real-time location monitoring of both assets
and individuals (Ahmed et al., 2020; Angulo et al.,
2015; Chen & Chen, 2021; Dardari et al., 2015).
A pilot study conducted at the smart manufactur-
ing demonstration center (SMDC) demonstrated
the effectiveness of seamless asset tracking us-
ing GPS, Wi-Fi, and Bluetooth technologies. The
technology enablers evaluation matrix presented
by Ahmed et al. (2020) provides a comparative
analysis of tracking approaches, highlighting fac-
tors such as range, accuracy, and cost, which are
crucial for selecting the appropriate technology
for different areas of operations.

More recently, RTLS technologies have been
adopted in healthcare settings, particularly in hos-
pitals, with promising results (Jones & Schlegel,
2014; Kamel Boulos & Berry, 2012; Okoniewska
et al., 2012; Paiva et al., 2018). RTLS have demon-
strated the potential for tracking a wide range of
assets, including medical devices, assistive devices,
equipment, drugs, and specimens, with tangible
advantages in optimizing workflows and enhanc-
ing efficiency for both staff and patients (Fisher &
Monahan, 2012; Fosso Wamba et al., 2013). Among
the array of IATs, RTLS also represents an innova-

tive solution, employing advanced sensors and
real-time tracking to monitor the movement and lo-
cation of individuals with memory concerns (Meg-
alingam et al., 2022; Oestreicher, 2014; Raad et al.,
2021; Reinsch, 2020). In the realm of dementia care,
the application of RTLS has garnered attention due
to its potential benefits, ranging from reducing the
time spent searching for lost items to enhancing
resident independence and confidence (van Hoof
et al.,, 2018). However, RTLS has yet to be widely
applied in long-term care industries due to a lack
of inventory management practices, stakeholder
engagement, technological and infrastructural chal-
lenges, and prevailing myths and misunderstand-
ings about the technology (Grigorovich et al., 2021).

METHODS

In this study, we proposed an RTLS tagging tech-
nology targeted towards LTCFs, including assisted
living facilities and nursing homes, to assess the
impact of item loss and to gather feedback on the
technology's utility and adaptability. We inter-
viewed 30 direct care workers and staff, focusing
on their professional experience, the frequency
and impact of item loss, and existing protocols for
handling lost items. During the interview, partici-
pants were shown a brief presentation about the
novel RTLS tag technology. The participants were
encouraged to ask questions about the technol-
ogy and were then asked to provide feedback on
its potential utility, necessity, and recommended
adaptations for effective application in LTCFs.
The objective of the research was to evaluate the
effectiveness of RTLS in mitigating item loss is-
sues within LTCFs and to understand staff percep-
tions towards adopting this technology.

Participant recruitment and eligibility

A combination of targeted recruitment and snow-
ball sampling approaches were used to recruit
participants for this study. The target recruitment
strategy involved distributing flyers to assisted liv-
ing facilities in Minnesota both digitally via email
and paper flyers posted in employee break rooms
and other spaces. Interested participants were
asked to contact the research team to complete
a short eligibility screening. Eligibility criteria in-
cluded having dementia caregiving experience in
an LTCF setting, speaking English, and being over
the age of 18. As part of the snowball sampling,
participants were asked to forward study infor-
mation to others in their place of employment
who may also be interested and eligible.

UWB technology description

The proposed RTLS technology is a small tag
that can be attached to various items such as
denture cases, hearing aid cases, glasses cases,
jewelry boxes, wheelchairs, staff pocket talkers,
and clothing items within an LTCF. The tags are
compact, measuring only one cm? similar in
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Figure 2. The RTLS tag in comparison to the size of
a micro SD card. In an indoor space the location of
the UWB tag (B) is determined by calculating the
difference between the time of arrival of the wire-
less signal from the tag

size to a paper clip or micro SD card.

The tags have a one-year battery life and can be
easily set up using a QR code. The proposed
technology is a small tag that can be attached
to various items within an LTCF. Users can con-
figure the tags using a mobile application to add
the tagged item to their system and view it on
a map interface. The application also enables
the user to track multiple items simultaneously.

The RTLS tag uses novel UWB technology and
positioning methodology. Unlike other GPS sys-
tems, UWB technology uses time-of-flight cal-
culations. The UWB technology-enabled tags
adhere to objects and wirelessly transmit signals,
which are received by anchor readers with syn-
chronized clocks in fixed locations around the
facility. Because radio waves travel at known
speeds, the time-of-arrival differences at the an-
chors indicate each tag's position.

This UWB tag system can help caregivers quickly
locate misplaced objects within a one-foot radius
in an LTCF. To do so, the existing RTLS technol-
ogy itself is not being adapted; rather, the form
in which the technology is being delivered via
the small tags, is novel. The system can be used
to alert caregivers if an object has been moved
from a room where it is expected to remain, and
the tags are tracked through geolocation within
a predetermined area using the PinPoint Track-
ing Application, a tablet-enabled or smartphone-
enabled web application. After creating a profile,
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Figure 3. Images of the user interface on the Pin-
Point Tracking Application to track and monitor
the location of tagged items

this system allows users to track single or multi-
ple tags at one time using the app and be guided
to the exact room and position of the lost item.
The system provides a floor plan of the facility
in which colored pins are placed to signify the
presence of a specified tag.

Data collection procedures

In this study, 30 participants working in long-term
care participated in a 45-minute semi-structured
interview via Zoom. After obtaining verbal con-
sent from participants, interviewers followed an in-
terview protocol focusing on the following topics:
professional experience in LTCF, experience with
item loss, including the frequency of lost items,
current item loss protocols, and the impact of item
loss on both staff and residents. During the inter-
view, we gave a brief presentation to participants
introducing the proposed novel RTLS tag technol-
ogy for use in LTCF settings. Based on their experi-
ence working in long-term care and the technol-
ogy presentation, respondents provided insights
into the suitability of the RTLS technology in their
workplace and provided recommendations to en-
hance its utility in facilities that care for older adults
with memory concerns. Participants received
monetary compensation for their time and partici-
pation following the completion of the interview.

Data analysis

Interview questions and analysis focused on pre-
determined themes designed to assess the utility
of the RTLS tag technology in LTCFs. Themes in-
cluded the type of items lost, causes and conse-
quences of lost items on residents and staff, ad-
vantages of the proposed technology, functional
features recommendations, user app capabilities,
and practical technology implementation con-
siderations. To analyze the interview data, we
used an iterative affinity mapping process to
categorize and highlight information relevant to
the research aims. This approach enabled us to
actively identify and examine data on item loss
and user needs for RTLS tag technology.

REesuLts

In total, 30 individual interviews were conduct-
ed with formal care providers working in 21
LTCFs, including assisted living facilities, skilled
nursing facilities, and adult day centers across
the state of Minnesota. Fourteen participants
are DCWs, 8 participants are executive-level
professionals, 4 participants are registered nurs-
es (RN) or licensed practical nurses (LPN), and
4 participants are certified nursing assistants
(CNAs). Individuals recruited for the study had
an average of 11.7 years of experience, with the
level of experience varying widely. The mini-
mum tenure was 6 months and the maximum
was 47 years. Participant characteristics and de-
mographics are summarized in Table 1.
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Table 1. Sample characteristics and demographics

Variable Frequency (percent)
Sex
Male 7 (23.3 %)
Female 23 (76.7 %)
Race/Ethnicity
White 23 (76.7 %)
Black 4(13.3 %)
Asian 2 (6.7 %)
Hispanic 1(3.3 %)
Years of experience
<1 2 (6.7 %)
1-59 8(26.7 %)
6-11.9 10 (33.3 %)
12-19.9 5(16.7 %)
>20 5(16.7 %)
Job title

Direct Care Worker (DCW) 14 (46.7%)

Certified Nursing Assistant 4(13.3 %)
(CNA)

Registered Nurse (RN) or 4(13.3 %)
Licensed Practical Nurse (LPN)

Executive-level Professional 8(26.6 %)

Descriptive statistics of demographic characteristics. Data presented are counts (%).

Participant interviews provided insight into the
scope, frequency, and impact of lost items in
LTCFs and how the proposed tag technology can
mitigate adverse outcomes associated with item
loss. We identified five priori themes to examine
in this study. The themes included (1) the util-
ity of RTLS in LTCFs, (2) the advantages of RTLS
technology in LTCFs, (3) user recommendations
to enhance suitability, (4) and implementation
considerations. The following results section and
Table 2 describe the identified problem and the
role of the tag technology within each theme
and are supported by participant quotes.

Utility of RTLS in LTCFs

To address the problem of item loss within LTCFs,
it is first important to understand the issue of
item loss and the unique challenge of item loss
in these settings. During the interviews, partici-
pants commented on which items are most com-
monly lost in LTCFs, how those items were lost,
and the impacts of item loss on both staff and
residents. These findings both align with and ex-
tend existing research on item loss in long-term
care among older adults.

Commonly lost items

Participants echoed results from previous stud-
ies regarding the types of items commonly lost
within LTCFs, including residents’ personal be-
longings and care necessities, as well as facility-
owned items. Personal care items and devices
including glasses cases, denture cases, and hear-
ing aids cases often go missing as they tend to be
used regularly. Losing these items can be a safety

concern for older adult residents who depend on
them for daily functioning, and items such as wal-
lets, purses, keys, jewelry, phones, and clothes
can be expensive to replace and may hold sen-
timental value. It is not only residents” items that
go missing, but also facility-owned items that
both residents use in personal and communal ar-
eas. In particular, respondents noted that pocket
talkers, wheelchairs, MP3 players, walkers, and
remote controls are commonly misplaced.

Causes of item loss

Participants shared similar sentiments to exist-
ing research about the causes of item loss in
regard to monitoring items coming into the fa-
cility and resident behaviors. Notably, despite
research demonstrating the positive impact of
standardized inventorying processes in reduc-
ing the frequency of item loss, only a small
proportion of respondents reported working
in a facility with such processes in place. For
example, one participant noted, “The intake is
not accurate. And when families bring in more
stuff like extra clothes and pictures...even if
we had an accurate inventory when the resi-
dent first got here...stuff comes in and there
is no easy way to keep track of who has what
from a facility side. We just let families know if
you are gonna bring something in...take a pic-
ture of it and make sure it gets labeled” (P16,
Female, Executive-level Professional with 9
years of experience).

Among the LTCFs that do have inventory pro-
cesses, interviewees described inconsistencies
within their inventorying processes. Yet even
with standardized intake and inventorying pro-
cedures, item loss may still occur, as inventory-
ing processes do not prevent items from becom-
ing lost when individuals experiencing cognitive
decline hide items, forget where items are lo-
cated, and mistakenly take other residents’ items
that do not belong to them. A participant noted
this issue as they said, “We are dealing with de-
mentia patients. It might be another resident’s
thing but someone else might try and take it. We
have a lot of them that like to pick things up that
are not theirs, and it's not their fault, they can’t
control it” (P9, Female, Certified Nursing Assis-
tant with 8 years of experience).

Therefore, in order for the tagging technology to
be successfully deployed within long-term care
settings, facilities must have a standardized pro-
cedure for documenting and inventorying valu-
able possessions brought to the building.

Consequences of item loss

Furthermore, as highlighted by interviewees
and supported by previous research findings,
the frequent incidents of item loss within long-
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Table 2. Description of major themes with exemplary quotes

Theme

Definition

Subthemes

Utility of RTLS in LTCFs

This theme highlights the causes and

Commonly lost items

consequences of the most frequently lost

items in LTCFs

Causes of item loss

Consequences of item loss

Advantages of RTLS technology in
LTCFs

This theme identifies the benefits of the tag
technology and app use within LTCFs

Providing a sense of security

Multiple item tracking

User recommendations to enhance
suitability

and app user interface

This theme details the identified
improvements for the physical
characteristics and capabilities of the tag

Tag adherence

Tag auditory and visual cues
Ensuring security and increasing
accessibility

Expanding range and geofencing

Last location history

Implementation considerations

This theme explores the practical

Tag technology target industries

implications of implementing the tag

technology into LTCFs

Cost considerations

RTLS: Real-time location system
LTCF: Long-term care facility

term care facilities can, unfortunately, lead to
feelings of mistrust, as residents may sometimes
accuse staff members of theft. This suspicion
can strain the relationship between caregivers
and residents, may bring about feelings of re-
sentment among staff and erode the foundation
of trust that is required for providing compas-
sionate and effective care. Addressing this issue
is vital for maintaining a positive and supportive
environment where residents feel secure and
staff are respected.

Together, these findings demonstrate the contin-
ued burden of item loss and the need for miti-
gation strategies. The proposed RTLS tag tech-
nology can serve as one of these methods but
must be adapted to fit the unique needs of this
specific population in this environment.

Advantages of RTLS technology in LTCFs
Overall, participants were interested in and
excited about the proposed technology’s po-
tential value to mitigate item loss within the
LTCF industry. Notably, participants articu-
lated the benefits of the RTLS tag technology,
such as providing an emotional sense of secu-
rity, serving as an organizational tool, being
a time saver, deterring theft, and effectively
tracking residents and items.

Providing a sense of security

The tagging technology was assessed by respond-
ents as helping provide a sense of security for
residents and staff living in LTCFs. Theft among

residents and staff is a serious concern in demen-
tia care. Residents with dementia, due to confu-
sion rather than malice, may enter and take items
from others' rooms. Unfortunately, other resi-
dents and staff with ill intent may take advantage
of individuals with dementia vulnerability and
the built trust to purposefully take items (Hildreth
et al., 2011). In response to this concern, one par-
ticipant stated, “I think the residents would feel
more secure, and this would discourage theft”
(P18, Female, Executive-level Professional with
11 years of experience). Additionally, when items
go missing, residents may mistakenly and falsely
accuse employees of stealing them which can
create tensions and mistrust in the relationship
between residents and employees (Alzheimer’s
Association, 2015; Seeman, 2018). One partici-
pant recollected an instance in which this oc-
curred, explaining, “A resident had lost a lotion.
It was $50 lotion. She was upset. She cried and
went to management and said, ‘Someone stole
my lotion’. Eventually, we found it in her cabinet
in the bathroom. She didn’t know, but she ac-
cused us, called us thieves and liars" (P8, Female,
DCW with 18 years of experience). Therefore,
residents and staff alike may experience greater
peace of mind and reduced anxiety, knowing
that important items can be tagged and appropri-
ately tracked within the facility.

Multiple item tracking

Participants noted that another advantage of the
proposed technology to reduce item loss is its
ability to track multiple items at one time. Giv-
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en that LTCFs may have residents living across
several buildings on campus, it can be difficult
to manage and track all personal and facility-
owned belongings. Taking advantage of the vari-
ous colors the tagging technology offers can aid
in this task and help keep residents and staff or-
ganized. Specifically, one DCW commented on
the benefits of this feature, stating, “I like that we
can track multiple things, and it shows in differ-
ent colors” (P21, Female, DCW with 10 years of
experience). The feature allowing users to moni-
tor several items simultaneously proves benefi-
cial to prevent item loss for those working and in
long-term care settings.

User recommendations to enhance suitability
Participants offered recommendations about the
tag’s current design and functionality to improve
its utility and ease of use by staff in LTCFs. Spe-
cifically, participants addressed concerns about
the tag’s ability to maintain strong adherence
under various environmental exposures and the
lack of auditory and visual cues.

Tag adherence

To increase the utility of the tags for those
who work with older adults, it has been sug-
gested that they are adapted to be durable
enough to withstand various environmental
conditions. Clothing is frequently lost and
misplaced as many facilities do laundry for
residents. To minimize the spread of bacteria
from soiled linen and clothing, LTCFs have
strict sanitary laundry protocols to follow.
This often involves using strong laundry deter-
gents and high heat to wash and dry clothing,
which the tags may be exposed to (Centers for
Disease Control and Prevention, 2019). One
participant remarked on waterproof concerns,
stating, “Lots of items get lost in the laundry.
Keeping things in their pockets and forgetting
about it...So, if the tag is waterproof, the tag
wouldn’t be damaged” (P8, Female, DCW
with 18 years of experience). Therefore, it is
recommended that the tag be water and heat-
resistant. Furthermore, residents with demen-
tia may not understand or remember the tags'
purpose and consequently attempt to remove
them. Thus, for respondents, suitability would
be increased by ensuring that the tags can
strongly adhere to the item without causing
damage. In doing so, this will ensure that the
RTLS tags remain securely fastened to items
allowing them to be tracked for their intended
use of reducing item loss.

Tag auditory and visual cues

To help find tagged items quickly if misplaced,
participants recommended incorporating both
auditory and visual features into the tags’ design.

Although the app can notify where a tagged item
is located, it may be challenging to exactly pin-
point its location if buried under other items or
in a drawer, for example. One participant recom-
mended an additional audio feature to notify us-
ers when in proximity to the lost item, suggesting,
“I think it would be great if it made a little sound or
beep when I'm close to it, so it's easier to find an
item” (P23, Female, DCW with 6 years of experi-
ence). This may also increase accessibility to this
product for those who are visually impaired. Fur-
thermore, a facility may have several residents
using the tag technology. Therefore, a specific
color-coding system in which each individual is
assigned a different color may prove beneficial
to organizing tagged belongings. Overall, audito-
ry and color features may improve the ease with
which to manage tagged items and enhance the
overall user experience in LTCFs.

Ensuring security and increasing accessibility

To be compliant with HIPAA regulations LTCFs
follow, the user software must be secure to
maintain resident confidentiality and privacy
across platforms. Before using the RTLS tag
technology in long-term care to help mitigate
item loss, discussions regarding who and when
users will have access to the technology’s soft-
ware and app are needed. For example, would
all employees in caregiver roles have login
credentials, or would this be restricted to fa-
cility administration and leadership? Addition-
ally, would employees who have credentials be
able to log into the app and obtain information
outside of working hours? In response to these
concerns about the technology’s security, one
participant asked, “Can we revoke access of
staff who are no longer working? It would be
a security concern for residents if workers have
the app on their phones and they never logged
out” (P13, Female, Executive-level Professional
with 5 years of experience).

Furthermore, participants noted the importance
of addressing the physical ways in which em-
ployees interact with the software. Depending
on the available resources, LTCFs may not have
access to mobile devices or tablets to down-
load an app. Therefore, one participant recom-
mended, “It’s fine to have an app, but a website
can be better so we don’t have to download an
app onto our phones” (P11, Female, Executive-
level Professional. with 25 years of experience).
Developing a desktop version of the software
may allow for increased accessibility and con-
venience for users working in LTCFs. Whether
the software could be downloaded on any type
of facility-owned or a personal device, it must
have safeguards to ensure resident privacy.
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Expanding range and geofencing

Item loss is a common challenge for LTCF set-
tings of any size, whether they have ten beds or
over a hundred across several buildings within
one campus location. According to participants,
for the tags to be most effective in reducing
item loss, the RTLS technology should have an
expanded range and geofencing system. Specifi-
cally, one DCW suggested, “I think it would be
beneficial if it covered the whole property” (P24,
Female, DCW with 12 years of experience). De-
veloping a more comprehensive map monitoring
system within each building and across build-
ings would increase the location accuracy of the
missing item and decrease the time needed to
find it. Participants also expressed interest in in-
corporating geofencing technology into the soft-
ware, allowing the system to notify users when
a tagged item exits the specified premises. This
software feature would contribute to deterring
theft and providing a sense of security for both
residents and staff.

Last location history

In addition to knowing the current location of a
tagged item, participants expressed that it would
be useful to know where the item was last locat-
ed within the facility. In response to the tag tech-
nology proposal, one DCW suggested, “I think
one thing that would help us find stuff easier is
if the tag had a location history... that way we
can understand our residents’ habits and help
them in a better way”. (P29, Male, DCW with 6
months of experience).

Having a feature in which the software could
track and maintain a history file of previous
item locations could prove beneficial to moni-
toring residents’ patterns and behaviors, which
addresses the needs of facilities serving persons
with memory concerns. As a result, knowing the
most common places where a lost item is likely
to be may help staff time looking for said item.

Implementation considerations

The final theme identified from the participant
interviews involved the logistical implications of
purchasing and implementing the technology in
the long-term care industry. Despite the overall
advantages the RTLS tag technology offers to
reduce item loss, respondents emphasized the
importance of implementing the product in spe-
cific settings and considering the costs to both
the facilities and residents.

Tag technology target industries

For the tagging technology to be most effec-
tive, it must target the appropriate audience
and LTCF setting. As previously stated, larger
personal belongings such as keys, purses, and
wallets are frequently lost. However, such items

are typically not found in skilled nursing facili-
ties as these populations tend to require higher
levels of care. Therefore, residents living in and
staff working in assisted living facilities may find
the tags more useful, in which private studios or
apartments are more common. As one partici-
pant recommended in response to the proposed
RTLS technology, “Nursing homes may not be
the market, but assisted living facilities with more
room for independent living would be better to
target” (P15, Female, Executive-level Profes-
sional with 26 years of experience). Identifying
potential suitable buyers, in particular, residents
for personal use or assisted living facilities for
larger-scale implementation, is crucial to more
widely increasing the likelihood of successful in-
tegration of this technology into the industry.

Cost considerations

When considering implementing this technol-
ogy, a major factor for several LTCFs is the cost
of the product. Given the tight budgets LTCFs
have to balance, the cost may serve as a poten-
tial barrier to implementing the technology even
if there is interest in purchasing the product
(Burns et al., 2016; Casson & McMillen, 2003).
One executive-level professional expressed
concerns stating, “One thing that the manage-
ment would question is that is it really worth
it?” (P20, Female, Executive-level Professional
with 26 years of experience). Furthermore, dis-
cussions within LTCFs are needed to determine
whether the residents, the facility, or a combi-
nation of the two would pay for the technol-
ogy. Thus, the overall costs of manufacturing,
distributing, and implementing the RTLS tag
technology must be balanced with the needs of
the facility, management, and residents.

DiscussioN

RTLS technologies have shown promising re-
sults in addressing the problem of item loss in
healthcare settings, but have scarcely been de-
ployed in facilities serving residents with mem-
ory concerns. The objective of this study was
to understand long-term care staff attitudes and
perspectives on the perceived utility of an RTLS
device in LTCFs. Our results provide insight into
the potential impacts this technology could have
on improving the quality of care, operational ef-
ficiency, and the types of adaptations necessary
for deploying existing RTLS systems within LTCFs,
particularly those serving residents with demen-
tia and other cognitive impairments. Results
from the 30 qualitative interviews with DCWs
confirm that item loss is an ongoing and unre-
solved problem in LTCFs. Although completely
preventing item loss may prove challenging due
to common hoarding and hiding behaviors, the
ability to reduce the time spent searching for lost
items remains advantageous. Item loss disrupts
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Figure 4. Fishbone diagram of the root causes and impacts of item loss based on results from

participant interviews

both staff and residents; for example, the loss of
critical items like glasses and dentures can make
it difficult and even unsafe for residents to com-
plete activities of daily living, such as eating and
ambulating. Furthermore, inadequate staff train-
ing, lack of protocol for lost items, and intake
processes are all major causes of item loss. Con-
sequently, staff may need to provide additional
assistance, which disrupts the care for other resi-
dents and strains already limited resources. Our
findings reaffirm that item loss contributes to a
greater sense of mistrust and tension between
staff, residents, and family members, particularly
due to theft accusations and other strong verbal
or physical responses.

The fishbone diagram illustrates the causes and
consequences of item loss, with Figure 4 pre-
senting an adapted version that includes new
categories. It includes new categories for caus-
es like inventory management and impacts
such as family complaints, decreased trust, in-
creased costs, job loss, legal risks, and incon-
sistent enforcement of loss and theft policies.
To reduce the causes and consequences identi-
fied in Figure 4, the LTCFs may benefit from
the introduction of IATs. The RTLS tags can
strengthen residents' sense of independence
by helping them easily locate their belongings.
This technology can reduce the incidence and
accusations of theft, fostering a positive re-
lationship between residents and care staff.
Moreover, RTLS can diminish resident distress,
feelings of mistrust and minimize family com-
plaints, enhancing overall satisfaction. By pre-

venting item loss, LTCFs can mitigate legal risks,
reduce associated costs, and improve time ef-
ficiency. Additionally, participants in the study
identified that auditory and visual cues could
aid in locating items not in plain sight. Features
like color-coded tags could simplify identifi-
cation and reduce confusion when used in a
large care facility. Our results also indicate that
improving the software is essential for privacy,
user-friendliness, and accessibility. Although
the RTLS technology serves as an accurate in-
door tracking tool, the tags should be able to
provide location tracking outside of the UWB
configuration. Enhancing the technology's
range and adding geofencing capabilities are
important for broader monitoring across LTCF
campuses, making it easier to track items that
may have left the facility’s premises.

For the successful implementation of RTLS tech-
nology in long-term care settings, respondents
empbhasized the need for the technology to be
adapted to fit the unique needs of older adults
with dementia and the staff. Our study con-
firmed the necessity for the tags to withstand
conditions such as exposure to water and heat
during laundry processes. Ensuring that the tags
are both water- and heat-resistant is critical for
their effective use in these environments. Addi-
tionally, adapting the technology to include fea-
tures like location history could help staff better
understand residents' habits, thereby improving
the management of frequently lost items. In-
adequate inventory management practices are
a significant cause of item loss in both hospi-
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tals and LTCFs. Poor inventory visibility leads
to situations where staff may not have a clear
understanding of available supplies and their
locations, resulting in misplaced items. Partici-
pants in this study expressed that the lack of
protocol for inventorying aggravates item loss
in LTCFs. This theme can also be extrapolated
from hospital settings, emphasizing the impor-
tance of robust tracking systems in preventing
such losses. Hospitals, which face similar chal-
lenges, demonstrate the need for standardized
inventory management practices that could be
equally beneficial in LTCFs (Elia & Gnoni, 2013;
Fosso Wamba et al., 2013; Malik, 2009; Roper
et al., 2015). The participants expressed interest
in adopting RTLS technology into work routines
to improve safety and quality of care for resi-
dents. The ability of RTLS to reduce item loss
can significantly enhance operational efficien-
cy and alleviate the disruptions caused by lost
items in LTCFs. However, effective deployment
requires thoughtful adaptation to the specific
needs of LTCFs, particularly in terms of dura-
bility, range, and user interface. Additionally
there are barriers to the effective use of RTLS in
LTCFs. Standardization across facilities is essen-
tial, particularly for tracking resident belongings,
as family members frequently bring additional
items into the facility. Updating the software to
allow family members to log valuables could
aid staff in tracking and tagging items more ef-
fectively. Without a standardized intake and in-
ventory process, the efficacy of the tag technol-
ogy could be compromised. Streamlining item
management in LTCFs is essential for enhancing
the technology's deployment and utility.

Consideration of the financial constraints in
the long-term care sector should be addressed
when implementing RTLS technology. This in-
cludes improving staff training and the develop-
ment of technology infrastructure to optimize
the quality of care (Ko et al., 2018). Being aware
of financial constraints in this sector is crucial
to encourage stakeholders to invest in RTLS
and product developers should also focus on
creating user-friendly technologies that address
issues at a lower total cost of ownership (Mas-
ciadri et al., 2019; Oude et al., 2018). Although
not highlighted by participants, it is important
to consider the ethical concerns related to the
use of tracking technologies in care settings
with vulnerable populations. The RTLS tag tech-
nology is not intended to track individuals or
cell phones themselves but rather items such
as clothing or facility-owned wheelchairs and
other assistive technology. However, this could
indirectly lead to tracking the location of indi-
viduals using these items. Therefore, residents
and family members must be fully informed and

consent to the use of this technology. Future re-
search should explore these ethical considera-
tions and gather quantitative data to substanti-
ate the efficacy of RTLS in alleviating the iden-
tified issues, further supporting its adoption in
long-term care facilities.

CONCLUSION AND DIRECTIONS FOR FUTURE RESEARCH
The study emphasizes the impact of item loss
on both staff and residents in long-term care
facilities (LTCFs), highlighting the challenges of
locating items promptly as a persistent issue.
It is evident that the lack of standardized pro-
tocols for inventorying personal items brought
into the facility exacerbates this problem.
Some LTCFs have protocols, but these vary
across different facilities and are influenced
by factors such as the size of the facility and
the resident population. This variability sug-
gests a need for standardized procedures to
record and manage items brought into LTCFs.
The potential of RTLS to mitigate these chal-
lenges is notable, but the technology needs to
be customized to meet the specific needs of
each facility. The software component of RTLS
must be user-friendly and capable of secur-
ing privacy-sensitive data, which is crucial in
larger facilities. The proposed tag technology,
with its user-friendly interface and login fea-
tures, could be effective in large scale facili-
ties and reduce the time and resources spent
on locating lost items. Furthermore, it is im-
portant to assess the cost considerations and
responsibility of bringing location systems into
the industry of long-term care and to ensure
that the implementation process is equitable.
This will require careful consideration and co-
operation among all stakeholders, including
governance bodies.

After making significant changes to the RTLS
tags based on the recommendations from par-
ticipants in this study, future research should
conduct pilot studies testing the technology
with LTCF staff and residents in both assisted
living and skilled nursing facilities. In doing so,
privacy and ethical considerations associated
with the use of location-tracking technologies
with vulnerable populations should be ad-
dressed. The pilot studies should also focus
on metrics like the reduction in time spent
searching for lost items and include a compar-
ative analysis of RTLS with other technologies
available in the market. Researchers should
further quantify the time loss and financial
costs related to searching for or replacing lost
items to provide a greater understanding of
the potential positive impact of the RTLS tag
technology in LTCFs.
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