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Abstract

Objective: To assess how staff attitudes before, during, and after implementation of a real-time location
system (RTLS) that uses radio-frequency identification tags on staff and patient identification badges and
on equipment affected staff’s intention to use and actual use of an RTLS.
Participants and Methods: A series of 3 online surveys were sent to staff at an emergency department
with plans to implement an RTLS between June 1, 2015, and November 29, 2016. Each survey corre-
sponded with a different phase of implementation: preimplementation, midimplementation, and post-
implementation. Multiple logistic regression with backward elimination was used to assess the relationship
between demographic variables, attitudes about RTLSs, and intention to use or actual use of an RTLS.
Results: Demographic variables were not associated with intention to use or actual use of the RTLS.
Before implementation, poor perceptions about the technology’s usefulness and lack of trust in how
employers would use tracking data were associated with weaker intentions to use the RTLS. During and
after implementation, attitudes about the technology’s use, not issues related to autonomy and privacy,
were associated with less use of the technology.
Conclusion: Real-time location systems have the potential to assess patterns of health care delivery that
could be modified to reduce costs and improve the quality of care. Successful implementation, however,
may hinge on how staff weighs attitudes and concerns about their autonomy and personal privacy with
organizational goals. With the large investments required for new technology, serious consideration
should be given to address staff attitudes about privacy and technology in order to assure successful
implementation.
ª 2020 THEAUTHORS. PublishedbyElsevier Inc onbehalf ofMayoFoundation forMedical Education andResearch. This is anopenaccess article under
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P roviding high-quality, evidence-based
care in a safe and efficient manner is a
ubiquitous challenge for health care pro-

fessionals.1-3 With the complexity of care and
costs increasing exponentially, health care sys-
tems are looking to other industries, such as
manufacturing and courier delivery for techno-
logical solutions to reduce costs and improve
safety and quality. Other industries have adop-
ted real-time location systems (RTLSs) to reduce
Mayo Clin Proc Inn Qual Out n February 20
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costs and improve efficiencies in the delivery of
services. An RTLS uses a computerized location
application that allowsworkers to visually locate
and track equipment, movable goods, and
employees that have been tagged with radio-
frequency identification (RFID) or similar tech-
nologies. Real-time location system data also
can be aggregated to identify strategies to
improve safety, efficiency, and quality of
services.4
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FIGURE 1. Hypothesized association between constructs from the theory
of planned behavior, technology acceptance model, trust and privacy, and
intention to use and actual use of the real-time location system.

IMPLEMENTATION OF A REAL-TIME LOCATION SYSTEM
Despite the potential for improving effi-
ciency, patient safety, and health care qual-
ity,4,5 uptake of RTLSs in hospitals has been
slow.6,7 Critics have suggested that in addition
to cost, slow uptake and failed attempts to
implement have been due to a limited and nar-
row focus on implementation, with more
emphasis on how best to engineer a system
into an existing organizational and physical
structure and less on fitting the technology
to the social environment, culture, policies,
and legal requirements of the organization.6,8

Understanding factors documented in other
settings to be critical for implementation suc-
cess9,10 is not always straightforward, espe-
cially when individual attitudes and beliefs
differ from institutional culture.11 Staff identi-
fication badges embedded with RFID, for
example, can track the physical positions of
staff in a specific area. Because of this, staff
has to weigh their own personal privacy and
autonomy concerns against organizational
goals of patient safety and efficiency.5,12 If
organizational culture or personal attitudes
are not addressed, a new technology can
disrupt a previously stable environment and
create early resistance to implementation,
sometimes in the form of recalcitrant (eg, not
using or rarely using technology) or covert
(eg, sabotaging) behaviors.5,13-17 Previous
studies, for example, have described sabotage
of technology by staff that included putting
RFID tags in water to destroy them, hiding
them in ceiling tiles or flower pots, or disman-
tling the RTLS.17 When facing a large invest-
ment in technology, assessing and addressing
personal attitudes and beliefs about the tech-
nology and the organizational culture may
help shape training protocols deemed critical
to bolster RTLS implementation success in
hospital settings.18

Because of the slow uptake and failed at-
tempts of others to implement RTLSs, our
objective was to assess staff attitudes and beliefs
throughout the implementation of an RTLS into
an emergency department (ED) of a large qua-
ternary medical center and assess their correla-
tion with intended and actual use of the
technology, all with an eye toward potential in-
terventions to improve technology adoption.

The Ajzen theory of planned behavior19,20

posits that engagement in a behavior can be
explained by attitudes and beliefs about the
Mayo Clin Proc Inn Qual Out n February 2020;4(1):90-98 n https:/
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behavior, the social norms of the behavior,
and the perceived control over performing
the behavior. The technology acceptance
model (TAM and TAM2) extends the theory
of planned behavior to examine factors,
such as the perceived usefulness of the tech-
nology, associated with adopting new tech-
nologies.21-23 Given the inherent issues
related to privacy and trust with RTLSs, we
augmented the TAM to include additional
questions about trust and privacy (Figure 1).
We hypothesized that negative attitudes about
the RTLS, weak coworker endorsement (so-
cial norms), lack of autonomy or control
over RTLS use, low perceived usefulness,
lack of trust about how location data would
be used, and concerns about personal privacy
would correlate with weaker intended and
early RTLS use. We expected that a subgroup
of participants would remain skeptical of the
technology at each stage of implementation
and that another subgroup would convert
from having weak intention to use the RTLS
to becoming active users of the technology.
PARTICIPANTS AND METHODS

Intervention Overview
In EDs, the unpredictability of patient flow
and variability of patient conditions can cause
/doi.org/10.1016/j.mayocpiqo.2019.10.007 91
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unintended delays in care and increase the
risks for patient morbidity and mortality and
staff safety. An RTLS in the ED, therefore,
may be especially useful for creating opportu-
nities for efficiency and safety in care.24,25 For
example, patient and staff tracking using the
RTLS may reduce safety risks, avoid adverse
events, and optimize patient flow if it is used
as intended.26-28

A comprehensive RTLS implementation
plan was developed, with emphasis on
engaging multiple stakeholders, including
administrative and physician leadership.
Stakeholder engagement strategies included
(1) early representation of stakeholders
(eg, ED leadership, physicians, nurses, techni-
cians) on an implementation advisory board
that met throughout the planning and all
implementation phases, (2) “town hall meet-
ings” for all ED staff before implementation,
(3) an email campaign before and early in
the implementation that included frequently
asked questions about the technology and its
intended use, with repeated departmental
leadership mention of the implementation’s
strategic importance, and (4) on-site technical
training with all staff before and during imple-
mentation, including the highly visible imple-
mentation team taking shifts and shadowing
ED staff.

During implementation, RFID readers
were installed throughout the ED. Key pieces
of equipment were tagged. Staff assigned to
the ED and patients had RFID chips
embedded in their employee identification
badges and patient wristbands, respectively.
Once implemented, staff could visualize the
locations of equipment, staff, and patients in
the ED in real time via an encrypted Web-
based application.
6 Months prior to
RTLS implementation

Immediately 
RTLS implem

Survey 1 (June 2015) Survey 2 (Fe
(t0 – 6 months) (t0)

FIGURE 2. Data collection flow before, during, and
(RTLS).
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Study Overview
Three staff surveys were conducted at our
academic level 1 trauma center ED, which has
an annual patient volume of 75,000 patients.
Surveys correspondedwith the preimplementa-
tion, midimplementation, and postimplemen-
tation phases of RTLS. The Mayo Clinic
Institutional Review Board reviewed this study
and considered it to be “quality improvement.”

Survey
As shown in Figure 2, we administered a Web
survey (Qualtrics) at 3 different time points:
(1) 1 month after town hall meetings, which
was approximately 6 months before RFID
implementation (June 1, 2015), (2) immedi-
ately after implementing RFID into staff iden-
tification badges (February 16, 2016), and
(3) 9 months after RFID implementation
(November 29, 2016).

For each time period, hyperlinks for the
study questionnaire were sent to all current
ED staff via email. Five days after the initial
survey, an email reminder was sent to
everyone on the distribution list. Ten days af-
ter the original email, a physician coinvesti-
gator sent an email reminder. Finally, 17
days after the original email, a final reminder
was sent. Surveys were sent to staff email ad-
dresses, but only the institution’s survey center
could link email addresses with responses.
Participants did not receive remuneration for
participation.

The survey included questions about de-
mographic characteristics and job classifica-
tion and questions for each construct in
the conceptual model (Table 1). Whenever
possible, previously developed questions
were used or revised.13,22,29 Although all 3
surveys had an identical core set of
following
entation

9 Months following
RTLS implementation

b 2016) Survey 3 (Nov 2016)
(t0 + 9 months)

after implementation of real-time location system
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TABLE 1. Survey Questions by Constructs in the Conceptual Model

Construct Question

Attitude I like the idea of using RTLS

Social norms Coworkers think RTLS is a good idea

Control I have complete control over whether to use RTLS

I doubt my ability to use the data from RTLS

Perceived usefulness Using RTLS improves patient care

RTLS makes me more efficient in my work

Using RTLS helps me do my job better

Trust Confident my employer will keep RTLS data in a secure manner

Confident my employer is taking measures to prevent unauthorized access to RTLS data

Confident my employer will not use my personal information for other purposes

Privacy Comfortable disclosing personal information online (eg, online banking, Facebook,
Instagram, etc)

RTLS ¼ real-time location system.

IMPLEMENTATION OF A REAL-TIME LOCATION SYSTEM
questions, the first survey was worded in
anticipation of the implementation (eg, “Us-
ing RTLS will help me do my job better”).
The second and third surveys were worded
to assess their current state (eg, “Using
RTLS helps me do my job better”). Response
options were strongly agree, somewhat
agree, neutral, somewhat disagree, and
strongly disagree.

Intention to use the RTLS was assessed in
the preimplementation survey with the
following question: “I intend to use RTLS to
help me on the job.” Actual use of the RTLS
was assessed during and after implementation
by asking, “I use RTLS to help me on the job.”
Responses to questions were strongly agree,
somewhat agree, neither agree nor disagree,
somewhat disagree, or strongly disagree.
Because we were interested in shifts toward
positive responses over time, we recoded re-
sponses to all questions into either agree
(strongly agree and somewhat agree) or
neutral/disagree (neither agree nor or disagree,
somewhat disagree, strongly disagree).

To test for discriminant validity, a ques-
tion about comfort in disclosing personal in-
formation online, such as online banking or
social media sites, was included. We
assumed that while attitudes and beliefs
about the RTLS may change throughout
the implementation process, comfort in
disclosing personal information likely would
not change over time or as a result of RTLS
implementation.
Mayo Clin Proc Inn Qual Out n February 2020;4(1):90-98 n https:/
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Participants
All ED staff, including physicians, nurses,
residents, technicians, administrative and
support staff, and others who support the
ED and had the potential to use the RTLS af-
ter implementation, such as radiology tech-
nologists and phlebotomists, were sent the
preimplementation survey. For the midim-
plementation and postimplementation sur-
veys, all current ED personnel who had
RFID technology embedded in their identifi-
cation badge were included in the study
sample.

Statistical Analyses
Analyses included fitting logistic regression
models to describe the differences between
staff characteristics and our outcomesdthe
intention to use and actual use of the RTLS.
To examine differences in the associations be-
tween constructs in the conceptual model and
intention or actual use of the RTLS, we fit all
variables into a multivariate logistic regression
model and then used backward elimination,
with a cut point of P<.1, for the most parsi-
monious model.

RESULTS

Survey Responses and Demographic
Distribution
Nearly 56% of staff (314 of 564 [55.7%])
responded to at least one question on the
preimplementation survey. For the
/doi.org/10.1016/j.mayocpiqo.2019.10.007 93

https://doi.org/10.1016/j.mayocpiqo.2019.10.007
http://www.mcpiqojournal.org


TABLE 2. Logistic Regression Models of the Association of Demographic Characteristics With Self-Reported
Intent or Actual Use of the Real-Time Location System in the Emergency Departmenta

Variable
Preimplementation:

intent to use, OR (95% CI)
Midimplementation:

actual use, OR (95% CI)
Postimplementation:

actual use, OR (95% CI)

Job
Otherb 0.77 (0.35-1.71) 0.49 (0.19-1.28) 0.77 (0.24-2.38)
Nurse 0.49 (0.21-1.12) 0.88 (0.33-2.33) 1.72 (0.47-6.30)
Physician Reference Reference Reference

Years at institution
<1 1.11 (0.32-3.84) 12.12 (1.14-128.45) NA
1-5 1.16 (0.44-3.03) 2.21 (0.71-6.91) 1.03 (0.24-4.40)
6-10 1.19 (0.48-2.96) 3.19 (0.94-10.83) 1.30 (0.23-7.30)
11-15 1.48 (0.55-3.94) 1.92 (0.65-5.68) 1.86 (0.44-7.77)
�16 Reference Reference Reference

Age (y)
18-25 1.94 (0.39-9.77) 1.99 (0.16-24.51) NA
26-35 0.72 (0.24-2.19) 1.16 (0.31-4.38) 2.36 (0.38-14.72)
36-45 1.34 (0.45-3.94) 1.17 (0.35-3.87) 1.44 (0.29-7.24)
46-55 1.52 (0.57-4.09) 1.29 (0.44-3.77) 1.54 (0.34-6.93)
�56 Reference Reference Reference

Sex
Female 0.86 (0.46-1.62) 1.28 (0.62-2.64) 3.38 (1.36-8.40)
Male Reference Reference Reference

aNA ¼ not available; OR ¼ odds ratio.
bIncluded administrators/finance personnel, health unit coordinators, therapists and technicians, patient care assistants, pharmacists, social
workers, and chaplains.
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midimplementation survey, 40.0% (236 of
592) responded to the survey, but 22 had
either not yet received RFID-enabled badges
or no longer worked in the ED, making
them ineligible for analysis. For the postimple-
mentation survey, 26.5% (157 of 592)
responded, but 13 were either not current
employees in the ED or did not have RFID-
enabled badges. Final sample sizes for the
surveys, therefore, were 314 (preimplementa-
tion), 214 (midimplementation), and 144
(postimplementation). Because of staff changes
over time, each survey had a slightly different
sample, and changes in independent and
dependent variables at the individual level
could not be tracked over time. No data
were available for nonresponders, and there-
fore, we were not able to evaluate the potential
for nonresponse bias.

Most of the respondents were women be-
tween the ages of 26 and 35 years, were
nurses, and had worked less than 5 years at
the institution. The proportion of respondents
who either intended to use or used the RTLS
Mayo Clin Proc Inn Qual Out n February 20
significantly increased with each subsequent
survey (P<.01). For the preimplementation
survey, 60.2% (162 of 269) agreed or strongly
agreed that they intended to use the RTLS. For
the midimplementation and postimplementa-
tion surveys, 66.7% (142 of 213) and 79.2%
(114 of 144), respectively, agreed or strongly
agreed that they used the RTLS.
RTLS Intention and Actual Use by
Demographic Characteristics
Before implementation, the intention to use
the RTLS was not associated with any demo-
graphic characteristic, including job title
(Table 2). However, during early implementa-
tion, compared with those with the most work
experience at the study site (�16 years), those
with the least experience (<1 year) had higher
odds of reporting actual use of the RTLS. After
implementation, the odds of actual use of the
RTLS did not differ by number of years work-
ing at the study site, but more women were
likely to use the RTLS.
20;4(1):90-98 n https://doi.org/10.1016/j.mayocpiqo.2019.10.007
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IMPLEMENTATION OF A REAL-TIME LOCATION SYSTEM
Association Between Conceptual Model
Constructs and Intention and Actual Use of
the RTLS
Negative or neutral attitudes and beliefs about
RTLSs were associated with less intention to
use the RTLS before implementation and less
actual use during and after implementation
(Table 3).

Preimplementation. Before implementation,
those who felt neutral, disagreed, or strongly
disagreed with the usefulness of RTLSs had
higher odds of reporting an intention to
use the RTLS compared with those who
agreed or strongly agreed (eg, improve pa-
tient care, allow them to do their job better).
Likewise, those who were neutral or did not
feel assured that their employer was taking
measures to keep RTLS data in a secure
manner had lower odds of intending to use
the RTLS.

Unexpectedly, those who were neutral or
disagreed that they liked the idea of using
the RTLS reported stronger intentions to use
the technology. Likewise, those who were
neutral or not comfortable about disclosing
personal information on social media and
those who doubted their ability to use data
from the RTLS also reported stronger inten-
tions to use the RTLS. On further examina-
tion, using unadjusted bivariate comparisons,
those who had neutral feelings about liking
the idea of the RTLS, being comfortable
disclosing personal information, and doubted
their ability to use the RTLS were more likely
to report an intention to use compared with
those who disagreed or strongly disagreed
with these statements. Social norms and con-
trol over RTLS use were not associated with
intention to use RTLS .

Midimplementation. During implementation,
those who were neutral or disliked the idea
of RTLSs were also less likely to use the tech-
nology. Those who were neutral or disagreed
that the RTLS would improve patient care or
make them more efficient had higher odds of
using RTLS compared with those with positive
feelings about the usefulness of the RTLS.
Questions on social norms, control, trust, or
privacy were not associated with RTLS use
during implementation.
Mayo Clin Proc Inn Qual Out n February 2020;4(1):90-98 n https:/
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Postimplementation. After implementation,
those who were neutral or disliked the idea
of using RTLSs had lower odds of using it
compared with those with positive attitudes
about RTLS . Questions on social norms, con-
trol, perceived usefulness, trust, or privacy
were not associated with RTLS use
postimplementation.

DISCUSSION
The RTLS was implemented to promote
high-quality care and safety in the ED.
Implementation of any new technology,
however, can disrupt routine and familiar
practices, and because of this, staff may
perceive the innovation as a risk for patient
and staff safety and care quality. Fisher and
Monahan5,17,30 have documented numerous
cases of RFID sabotage because of clinical
staff concerns about their privacy, lack of
institutional trust, and not finding the tech-
nology to be helpful. A key interest of the
current study, therefore, was understanding
if staff balanced the potential benefits for pa-
tient care and safety with their concerns
about privacy and control over RTLS data
collected on them and if, over time, they
reassessed the risks and benefits of using
the technology.

Although we did not find notable demo-
graphic differences in intended use or adop-
tion of the technology, we did find some
support for our hypothesis. Indeed, negative
or neutral attitudes about RTLSs, low
perceived usefulness, a lack of trust about
how location data would be used, and con-
cerns about personal privacy were associated
with weaker intended and actual use of the
RTLS. Negative or neutral attitudes and a
lack of perceived usefulness were more consis-
tently associated with lower intention to use
the RTLS. Before implementation, doubts
about the ability to use the RTLS and about
the employer keeping data secure and con-
cerns about personal privacy were associated
with the intention, but in the second and third
surveys, these same concerns were no longer
statitistically different. Initial concerns before
implementation about usefulness, privacy,
and use of RTLS data by management may
have waned over time. This change could
have occurred as participants began to gain
/doi.org/10.1016/j.mayocpiqo.2019.10.007 95
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TABLE 3. Logistic Regression Models Examining the Association of Conceptual Model Constructs on Self-Reported Intent or Actual Use of
the Real-Time Location System in the Emergency Departmenta

Preimplementation survey Reference category
Intention to use RTLS,

OR (95% CI)

I like the idea of using RTLS Strongly agree/agree 6.35 (2.45-16.50)

I doubt my ability to use the data from RTLS Strongly agree/agree 5.15 (1.39-19.09)

Using RTLS improves patient care Strongly agree/agree 0.29 (0.11-0.78)

Using RTLS helps me do my job better Strongly agree/agree 0.09 (0.03-0.28)

Confident my employer will keep RTLS
data in a secure manner

Strongly agree/agree 0.25 (0.01-0.67)

Comfortable disclosing personal information online Strongly agree/agree 3.55 (1.23-10.28)

Midimplementation surveydstrongly disagree/disagree/neutral Reference category Actual use, OR (95% CI)

I like the idea of using RTLS Strongly agree/agree 0.12 (0.04-0.39)

Using RTLS improves patient care Strongly agree/agree 0.18 (0.06-0.51)

RTLS makes me more efficient in my work Strongly agree/agree 0.11 (0.03-0.38)

Postimplementation surveydstrongly disagree/disagree/neutral Reference category Actual use, OR (95% CI)

I like the idea of using RTLS Strongly agree/agree 0.01 (<0.01-0.04)
aOR ¼ odds ratio; RTLS ¼ real-time location system.
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confidence and integrate RTLS use into
everyday practice, learned more about how
the data were used by their employer, and
personally observed the usefulness of the
data in their daily activities.

In the preimplementation survey, there
were also a number of findings that were un-
expected. For example, those who were
neutral or disagreed with the question “I
like the idea of using RTLS” were more likely
to report an intention to use RTLS. During
and after implementation, however, those
who were neutral or disagreed with the
same question were less likely to report
actual use of the technology. Similarly, those
who were neutral or disagreed with feeling
comfortable about sharing personal informa-
tion on social media were also more likely to
report intention to use the RTLS before
implementation but not during or after
implementation.Those who were unsure or
neutral about whether they would like the
RTLS or were unsure of their feelings about
sharing personal information before imple-
mentation possibly needed hands-on experi-
ence to inform their attitudes. With more
experience in using the RTLS, those with
neutral attitudes before RTLS implementa-
tion may have shifted to more positive
attitudes.
Mayo Clin Proc Inn Qual Out n February 20
Preimplementation efforts to engage stake-
holders and staff should focus on fostering
positive attitudes about the perceived useful-
ness of the technology and the benefits of
improving patient care, doing one’s job better,
and being more efficient. Moreover, real con-
cerns from staff about privacy of personal in-
formation and clarity on the parameters of
how data will and will not be used need to
be addressed and consistently reinforced.
Instituting a data governance board to deter-
mine acceptable procedures related to data ac-
cess, consulting with experts from
departments including human resources, legal,
and ethics, and engaging administrators who
oversee and enforce policy, as was done at
our institution, may be helpful in regularly as-
suring staff that dependable safeguards exist
and that consequences of inappropriate use
exist and are enforced.

In spite of the strength of having data
assessed at different times throughout the
implementation process, our study has a num-
ber of limitations. First, surveys were anony-
mous to the research team, and therefore, we
were not able to link people across surveys.
Because of attrition and new hires, it is likely
that some participants responded to one sur-
vey but not others. This factor may also ac-
count for differences in response rates across
20;4(1):90-98 n https://doi.org/10.1016/j.mayocpiqo.2019.10.007
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IMPLEMENTATION OF A REAL-TIME LOCATION SYSTEM
surveys. Because of this limitation, we were
also impeded from looking at continuous
trends over time and relied on cross-sectional
snapshots of staff attitudes at different points
during the implementation. Second, because
of limited statistical power, we were not able
to examine unique differences between those
who agreed, were neutral, or disagreed with
attitudinal questions. Although we examined
bivariate relationships between these questions
and our outcomes, we were not able to test
fully adjusted models. Therefore, it is possible
that a more robust model with all variables fit
could have different findings. Third, we exam-
ined differences at 3 different times during the
implementation process but did not track the
impact of different implementation efforts
(eg, town hall meetings, new releases of
frequently asked questions) on changes in be-
haviors or how technology challenges during
implementation, such as glitches in the timely
distribution of RFID on identification badges,
affected the results. Most of the implementa-
tion efforts began before the first survey and
were intended to facilitate ease of implementa-
tion, answer questions, and encourage uptake.
Finally, our specific findings may not be
generalizable to RTLS implementation at other
EDs in other health systems or academic med-
ical centers, but we are confident that a pro-
cess evaluation of organizational culture and
staff attitudes throughout implementation is
beneficial for planning successful uptake of
RTLS. Although we are limited by having
only one site and one type of technology, we
are encouraged that our findings are consistent
with research on best practices for implemen-
tation success, including early stakeholder
engagement, building trust over time, and
clear communication.9

CONCLUSION
In addition to designing the technical installa-
tion and implementation of an RTLS in a dy-
namic clinical setting, strong attention and
consideration should be paid to organizational
culture and perceptions of staff about imple-
mentation, including the impact the new tech-
nology has on attitudes about privacy,
organizational use of data, and the technol-
ogy’s implicit and explicit usefulness. Building
trust, communication about the technology’s
purpose, and training staff’s self-efficacy may
Mayo Clin Proc Inn Qual Out n February 2020;4(1):90-98 n https:/
www.mcpiqojournal.org
be critical to ensure that negative or neutral at-
titudes at the onset shift over time.
Abbreviations and Acronyms: ED = emergency depart-
ment; RFID = radio-frequency identification; RTLS = real-
time location system; TAM = technology acceptance model
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