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Objectives: Services based on the Internet of Things (IoT) technologies have emerged in various business environments. To
enhance health service quality and maximize benefits, this study applied an IoT technology based on NFC and iBeacon as an
omni-channel service for patient care in hospitals. Methods: Application of the IoT technology based on NFC and iBeacon
was conducted in a general hospital during August 2015 through June 2016, and the development and evaluation results were
aligned to an action research framework. The five phases in the action research included diagnosing, planning action, taking
action, evaluating action, and specifying learning phases. Results: During the first two phases, problems of functional opera-
tions in a hospital were diagnosed and eight service models were designed by using iBeacon and NFC to solve the problems.
Service models were applied to the hospital by installing beacons, wearable beacons, beacon scanners, and NFC tags during
the third phase. During the fourth and fifth phases, the roles and benefits of stakeholders participating in the service models
were evaluated, and issues and knowledge of the whole application process were derived and summarized from technological,
economic, social and legal perspectives, respectively. Conclusions: From an action research perspective, IoT-based healthcare
services were developed and verified. IoT-based services enable the hospital to acquire lifelog data for precision medicine and
ultimately be able to go one step closer to precision medical care. The derived service models could provide patients more en-
hanced healthcare services and improve the work efficiency and effectiveness of the hospital.
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works

l. Introduction

. The health paradigm has changed from cure-based to care-
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technologies. In the healthcare sector, Brigham and Women’s

lands are good illustrations of system buildup based on IoT.

This is an Open Access article distributed under the terms of the Creative Com- As a case of convergence of NFC and healthcare Services, the
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tion in any medium, provided the original work is properly cited. allows nurses to keep track of medications safely for patients
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increase from 15.6% in the latter half of 2010 to 25.6% in
2040. Accordingly, the government launched the NFC Home
Healthcare Service as part of a wider effort to address the
needs of the elderly [3]. It focused on enabling the elderly
aged 65 years and above to live independently. This service
automates information, such as patients’ arrival time, reten-
tion time, and healthcare services provided at home, which
used to be written by hand.

The Home Healthcare System differs from other healthcare
systems by enabling healthcare service providers to register
information on their patients” health and healthcare services,
and making it easy to identify the location of the healthcare
service provider, which is helpful in planning manpower al-
location and adjusting patient management schedules. By
applying new information technology (IT), hospitals are able
to enhance healthcare quality, work flow, and patient safety
[4-6].

In designing healthcare systems to simplify and automate
the work process of hospitals, generally NFC has been ap-
plied [2,3]. Recently, beacon technology has been emerging
as a novel approach for many types of businesses that pro-
vide contextual information based on the proximity of users
and the prevalence of smartphones [7]. It is a low-cost hard-
ware that transmits a short burst of data over a near distance
using the Bluetooth low energy (BLE) protocol. This data
contains basic text information that could include a URL
and other relevant information.

IoT refers to appliances, objects, and other things that are
enabled by access to the Internet [7]. iBeacon and NFC are
considered as technologies for IoT [7,8]. Services based on
IoT technologies have emerged in various business environ-
ments. These services link offline and online shops to maxi-
mize customers’ offline shopping experience and satisfy the
needs of consumers in their purchase routes [9-15].

Based on these technologies, this research applied NFC and
iBeacon to provide patient care as an omni-channel service
for hospitals. Explicitly, this study attempted to answer the
following two questions to build various healthcare service
models and develops a new system: (1) How hospitals ap-
ply new information technologies such as NFC and iBeacon
to patient care services and (2) What are the benefits and
disadvantages of the NFC and iBeacon-based service model
adopted in hospitals.

Il. Methods

An application of an IoT technology based on NFC and
iBeacon was conducted in a general hospital in Seoul, Korea
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during August 2015 through June 2016, and the develop-
ment and evaluation results were aligned to action research
framework. Action research is directly involved in planned
organizational change. The action researcher intervenes by
creating organizational change and simultaneously studies
the impact of this change [16]. Baskerville and Wood-Harp-
er [17] suggested that action research was ideal as a systems
development methodology for information systems research.
We adopted a five-phase, cyclical process, which can be de-
scribed as an ideal exemplar of the original formulation of
action research [18] to development of a patient care service
using beacon and smart tag system supported by a govern-
ment grant for IoT business.

Figure 1 shows the five phases of the research process. Dur-
ing the diagnosis phase, we identified the primary problems
that are the underlying causes of the hospital’s desire for
change. Current problems in the hospital were identified
after regular meetings with eight departments: Psychiatry,
the Cancer Center, Surgery, the Nutrition Team, Physical
Medicine and Rehabilitation, the General Affairs Team, the
Facility Management Team, and Nursing. During the action
planning phase, we specified actions that the hospital could
take to relieve or improve the primary problems identified
in the diagnosis phase. Then, our research team conducted
interviews with the hospital healthcare practitioners and ob-
served the practitioner’s situation.

At the action taking phase, we collaborated in active in-
tervention with stakeholders. With reference to the “patient
care service based on beacons and smart tags,” a new form of
patient care service can be carried out when a patient con-
firms a signal sent from a BLE beacon to his/her portable
terminal (hereinafter the confirmation process of the BLE
beacon signal is referred to as ‘catch’), or NFC tags distrib-
uted in the hospital are read by the patient’s portable termi-
nal (hereinafter the NFC tag reading process is referred to
as ‘touch’). This smart service enables the hospital to have

Diagnosing

Specifying Action
learning planning
Evaluating Action taking

Figure 1. Action study framework.
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continued relationships with patients even after they leave a
certain area of the hospital.

At the evaluating phase, the collaborative researchers and
practitioners determined whether the theoretical effects of
the action were realized, and whether these effects relieved
the problems. Timmers [19] explained that a business model
is architecture for the product, service, and information
flow, including a description of the various business actors
and their roles; a description of the potential benefits for
the various business actors; and a description of the sources
of revenues. According to a definition by Timmers [19], we
evaluated the business model of the hospital that focused on
the IoT (NFC and iBeacon)-based medical service areas. At
the last phase, specifying learning phase, we gained a better
understanding of the issues and knowledge through inter-
views with healthcare practitioners [20].

Table 1. Analysis of current functional operations in a hospital

Action Research on loT Services in Hospital

I1l. Results

1. Diagnosing Phase

By interviewing with patients and healthcare practitioners,
difficulties and problems in current functional operations in
hospital were identified in the diagnosing phase. From both
patient and medical team perspectives, problems were listed
in eight service functional areas, as shown in Table 1.

2. Planning Action Phase

During the planning action phase, our research team
planned appropriate actions for ameliorating the difficul-
ties and problems identified in the diagnosing phase. As a
result, eight service models were proposed to improve work
efficiency and quality of healthcare services, as shown in the
last column of Table 1. The first four service models were fo-
cused on work process automation of the hospital to make it
easy to edit the contents that are provided to patients and to
share the results with other medical staft online. The remain-

Service function

Problems on patient side

Problems on medical team side

Service model

Participation in

recovery program
Information provision
and education
Evaluation of
healthcare services
Diagnosis of
psychological anxiety
Guidance of location
Prescription of exercise
Regular check-up of
inpatients

Verification of patient

medical information

Difficult individual tour

Difficulty to acquire
information and

knowledge

Difficulty of self-diag-
nosis and tracking the

results

Difficulty to detect
location

Difficulty to gain
information about

exercise volume

Inconsistent business process to give
information on healing program to
participants

Business process creating contents on a

Healing tour

Cancer information/

paper form education
Difficulty to share information with
patients because of analogue contents
Complex business process to make service ~ Survey
survey paper, scoring service and
distribute results to the team
Complex business process to make NCC NCC psychological
psychological assessment form and assessment

distribute the result to medical team

Difficulty to track the result

Interrupting by patients asking the
location

Difficulty to check whether patients
exercise or not, measure the effect of
kinesiatrics

Difficulty to find out patients who are in
emergencies in blind spots

Difficulty to immediately gain patient’s
information and to give first aid without
delay

Indoor navigation

Exercise volume check

Monitoring high-risk

inpatients

Delivering real-time medical

information of inpatients

on emergency

NCC: National Cancer Center.
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ing four service models were planned to enhance the quality
of healthcare services by providing innovative services to
patients and medical staff. Through implementation of the
system based on a wearable beacon (necklace form) send-
ing signals to a beacon scanner and a portable terminal with
the patient receiving beacon signals, the medical team and
patients were able to obtain information in real time. This
facilitated more prompt treatment and convenient services
resulting in better service outcomes with efficient and effec-

tive care.

3. Taking Action Phase

1) System architecture

Patient care service based on beacons and smart tags is
composed of beacons and NFC tags installed in a hospital,
‘user applications’ used by users through their portable ter-
minal, a ‘wearable beacon’ worn by users, a ‘beacon scanner’
that checks signals from beacons owned by users, a ‘service
management system’ for easy management of beacons and
tags and efficient service provision, and a ‘service provision
server and engine’ for the provision of various services. Ser-
vice models are classified into two types depending on the

service structure. In a user-reader service system, including

© ® Q O L
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service models 1 through 6, a user’s portable terminal serves
as a beacon reader. On the other hand, in a user-tag service
system, including service models 7 and 8, a wearable beacon
with the patient sends signals to beacon scanner.

The procedure of the user-reader service is as follows (see
Figure 2). A user performs beacon catch and tag touch func-
tions through his portable terminal (D), and the user’s por-
table terminal receives various data values including ID and
URL through the beacon catch or tag touch (2). Then, the
user requests the service management system for a service
suitable for his condition through his portable terminal, and
ID (URL) and user ID are delivered together in this process
(®). The service management system sends the beacon/
tag ID and user ID delivered from the user to the beacon/
tag database (DB) and user DB, and receives corresponding
information (@-1 through (5-2) and verifies the service
requested by the user and whether he/she has the authori-
zation for its use through the beacon/tag information and
user information (). When the user’s authorization for
use of service is confirmed, the service is requested from the
service provision server and engine ((D), the service provi-
sion server and engine create service contents (®), and they
deliver the service to the user (10) through the service man-

Q

Server and Engine for service

S

( Service offer

(®-1 Beacon/tag request

information request

A

Beacon/tag DB

®-2 Beacon/tag
information
sending

® Service provision request

(» Beacon catch/
tag touch

@ ID/URL delivery

Beacon/tag

® service for
user service
management

system

User
application

o(g Service content generation

© Service offer

®-1 User information request

;

User DB

®-2 User
information
sending

@ Service offer

loT technology application

Figure 2. User-reader service system.
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Figure 4. User interface of application for patients.
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agement system ((9).

The procedures of user-tag service are as follows (see Figure
3). A beacon scanner performs the beacon catch () and re-
ceives various data values, including the beacon ID, through
the beacon catch ((2). A beacon scanner delivers the beacon
ID to the service management system ((3)), which delivers
the beacon ID to the service provision server and engine ac-
cording to the set process (@). Then, the service provision
server and engine create service contents such as patient lo-
cation positioning and asset location positioning through the
location awareness module ((5). A user requests the service
management system for a service, which verifies whether the
user is authorized, and sends the request to the service pro-
vision server and engine (©), (D). As the final step, service
provision server and engine deliver the requested service to

Log-in
service | P

Re
[

HIR

the user through the service management system, and in the
case of the user-tag service, a push type service is provided
to a user according to the service characteristics (®), ).

2) User interface of application and web service
Our research team suggested user interface with hospitals
and hospital practitioners to reflect opinion of users. Figure
4 depicts user interface of six services for patients. The ser-
vices include healing tour, cancer information/education,
survey, NCC (National Cancer Center) psychological assess-
ment [21], indoor navigation, and exercise volume check.
User interfaces of app and web services for medical team
are shown in Figure 5. The application services for medical
team include log-in service, emergency call, patient informa-
tion service, NCC result history, and exercise result history.

- History of emergency call

- Medical information of inpatients on
emergency

- History of NCC psychological assessment

+ History of exercise volume check

[Log-in service]

— %
Statistics s

- Emergency call

- Navigation

- Healing tour

- Cancer information/
education

DT LI N

Number of visits

aw M L S

v At -
LIS
s +
UL T RIS

v or | ~
LI )
T
ST IR R

30
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[Dash board for service use]

Figure 5. User interface of application and web for medical team.
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Figure 6. Installation of hardwares. (A)
Outdoor beacon, (B) indoor
beacon, (C) beacon scanner,
and (D) NFC tag and wear-
able beacon.

And, web services for medical team provide various func-

tions such as beacon and tag management service, medical
team and patient management service, and dash board for
service use.

After software was developed, hardwares such as indoor
beacon, outdoor beacon, wearable beacon, beacon scanner,
and NFC were installed. Figure 6 presents partial installation
of various hardwares.

4. Evaluation Phase

The evaluation business models of the hospital were based
on the definition by Timmers [19] using architecture for
product, service, and information flow presented in Figures
2 and 3. Participants of the NFC/iBeacon-based medical ser-
vice model were classified as inpatients, outpatients, hospital,
and NFC/iBeacon-based service provider, and the roles and
potential benefits for each participant are proposed, as de-
scribed in Table 2.

5. Specifying Learning Phase

As the last stage of one loop of action research, the derived
issues and knowledge on the process of developing and ap-
plying NFC and iBeacon were summarized from technologi-
cal, economic, social, and legal perspectives, respectively (see
Table 3).

Vol. 23 ® No. 1 e January 2017

IV. Discussion

The current challenges faced in the healthcare sector that of-
ten lead to healthcare operation failures include medical mis-
takes, increasing costs, theft loss, drug counterfeiting, and
inefficient workflow. To deal with automated care, improved
work procedures, guided indoor pathways, automatic data
capturing, and collaboration, these problems can be over-
come by appropriate IT supports such as radio-frequency
identification (RFID). In particular, RFID technologies have
been applied to tracking and tracing patients, integrated data
management systems, efficient data capturing mechanisms,
and human error prevention processes [22-26].

In our action research, we applied and verified the IoT
technology (NFC and iBeacon)-based service models for
the healthcare sector. In contrast to previous studies, which
mainly applied NFC, we applied not only NFC but also iBea-
con technology. The proposed services with emerging IoT
technology, such as iBeacon and NFC, are effective to solve
the aforementioned problems. Each service model produced
good results, but there are some issues that arise with the
adoption of iBeacon and NFC in various application areas.
Previous studies have reported similar service models for
vulnerable patients that can improve care [27-30].

The former six service models adopted beacon technol-
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Table 2. Roles and improved benefits of stakeholders

HIR

Participants

Roles

Improved benefits

Inpatients

Outpatients

Hospital

Download service application

Use various services (survey, NCC psychological
assessment, cancer information education, exercise
amount check, patient monitoring, delivering real-
time medical information)

Download service application

Use various services (healing tour, cancer
information education, NCC psychological

assessment, indoor navigation)

Prepare necessary infrastructure such as NFC tags
and beacons

Provide wearable beacons to high-risk inpatients
and register the beacons

Upload cancer information education, survey, NCC
psychological assessment contents on IoT service
system

Use app/web services for the medical staft for pa-

Gain valuable medical information and data

Improve accessibility to the hospital and doctors

Reduce recovery time

Increase life maintenance possibility by shortening first-aid
response time

Easy to identify and manage one’s own psychological state

Gain beneficial information

Easy to find treatment location

Participate on program for recovering from cancer
treatment

Enable the hospital to maintain relationships with patients

Easy to manage patients

Increase the turnover ratio of patient rooms by reducing
patients’ recovery time

Reduce first-aid response time via identifying the location
of an emergency patient

Enable first-aid at a suitable time and place via gaining

real-time medical information of patients on emergency

tient management

Service Develop a service model and system

providers  Build and maintain service infrastructure

Reduce medical error by misidentification

Enhance the effectiveness of marketing of the hospital’s
healing programs

Improve the brand awareness of the hospital

Improve quality of healthcare via acquiring patients’ data

Improve work efficiency

Service fee from hospital

ogy to automate the current work process, which is time
consuming and error prone. It increases work efficiency
and helps fast recovery of inpatients. The latter two service
models provide patient information, such as name, date of
birth, allergy, surgical site, etc., to the medical team, increase
patient safety, and shorten the time required to check patient
information in case of an emergency. In summary, our find-
ings extend the exising knowledge of previous studies.

In addition, new services using beacon technology, such
as indoor navigation, exercise volume checking, monitoring
of high-risk patients, and real-time information delivery of
emergency patients, can improve the competitiveness of hos-
pitals. NFC and beacon-based services, which are near-field
wireless communication technologies, were developed and
applied during four months, which is a relatively short pe-
riod of time in comparison to existing information systems.

Another feature is the mobile-based healthcare system, in
which most of the patients and medical staff have smart-
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phones and are skillful at using them. Therefore, it is cost
saving because patients and medical staff do not need ex-
pensive equipment (e.g., beacon reader). Currently, changes
in healthcare services in the near future are being discussed.
A new medical approach, called ‘precision medicine, is be-
ing developed for the prevention and treatment of diseases,
considering differences among people’s genes, environment,
and lifestyle. IoT-based services enable a hospital to acquire
lifelog data for precision medicine and ultimately be able to
move one step closer to precision medical care.

The present study has several theoretical and practical im-
plications. From an action research perspective, IoT-based
healthcare services were developed and verified. We applied
the concept of omni-channel service to the medical field,
which has been mainly implemented in other fields to maxi-
mize customer experience, increase satisfaction and increase
offline sales. The new type of omni-channel medical service
proposed in this study is provided to outpatients even after

https://doi.org/10.4258/hir.2017.23.1.25
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Table 3. Issues and knowledge through service development and application

Aspect Issues and knowledge
Technical Beacon: diffused reflection of signals due to a number of beacon > beacon re-arrangement to reduce diffused
reflection
Beacon scanner: system down due to beacon signals > software update adding filtering function
Wearable beacon: infection concerns - decision on use as a disposable device
Economic Expensive beacon scanner installation cost: cost for network connection to link beacon scanner with server

Social and legal

Outdoor beacon: (1) frequent loss by difficulty to adhere to uneven and dusty surface for healing tour service

> resetting with high-strength adhesive; (2) loss by keeper > delivering official document on IoT medical ser-

vice

NFC and beacon: inexperience and unskilled patients and medical team - sharing service introduction video

and service manual book (e.g., guideline initial setup for NFC and app use), periodic education

Support of medical team: a strong will to persuade the patients to use service and wear a beacon - organizing

cooperative team and periodic meeting/interview with researcher

the patient leaves the hospital, and the information is man-
aged in real time by sharing it with the medical staff. In ad-
dition, it is possible for patients to experience unprecedented
medical services in the hospital space and to share such ex-
perience online in real time; thus, the satisfaction of medical
service is improved by providing seamless medical service
by extending the space.

From a practical perspective, the NFC and beacon-based
IoT system generates additional patient-related data that the
hospital could not obtain in the past, such as the location of
the patient (from monitoring service for high-risk inpatients,
patient exercise volume check service), frequency of service
usage per spot or contents (from healing tour service, indoor
navigation service, cancer information/education service),
and service channel preference (number of shares per social
media channel). By analyzing the location data, it is possible
to identify blind spots of the hospital and minimize patients’
movement between hospital rooms. Also, by analyzing life-
log data, such as patient exercise data, personalized treat-
ment can be performed. In conclusion, it is expected that
hospital optimization will be possible by improving work
processes and services through data analysis.

However, this study is limited to a service period and ser-
vice adoption in one specific and tertiary hospital. Thus, the
benefits of the IoT-based service model in other hospitals,
such as secondary and primary hospitals, need to be ex-
amined to verify the findings of this study. Thus, the result
findings should be interpreted with caution. Additionally,
considering the time it takes for relevant hospital employees
to form a habit of using a new service, we expect an increase
in productivity and sales from 2017. Therefore, further re-
search also needs to be conducted on service satisfaction and

economic evaluation.

Vol. 23 ® No. 1 e January 2017

Conflict of Interest

No potential conflict of interest relevant to this article was
reported.

Acknowledgments

This work was supported by the National Research Foun-
dation of Korea Grant funded by the Korean government
(NRF-2014S1A5B8060940).

References

1. Golubnitschaja O, Costigliola V. Predictive, preventive
and personalised medicine as the medicine of the future:
anticipatory scientific innovation and advanced medical
services. In: Nadin M, editor. Anticipation and medi-
cine. Cham: Springer International Publishing; 2017. p.
69-85.

2. Swedberg C. Brigham and Women’s Hospital tests NFC
RFID for patient bedsides. Hauppauge (NY): RFID
Journal; 2013 [cited at 2016 Dec 30]. Available from:
http://www.rfidjournal.com/articles/view?10511/2.

3. Clark S. 50,000 Dutch nurses now using NFC phones
[Internet]. Cardiff: NFC World; 2011 [cited at 2016
Dec 30]. Available from: https://www.nfcworld.com/
2011/09/06/39716/50000-dutch-nurses-now-using-nfc-
phones/.

4. Institute of Medicine. Health IT and patient safety:
building safer systems for better care. Washington (DC):
National Academies Press; 2011.

5. Meterko M, Mohr DC, Young GJ. Teamwork culture
and patient satisfaction in hospitals. Med Care 2004;

www.e-hir.org 33



Arum Park et al

10.

11.

12.

13.

14.

15.

16.

17.

34

42(5):492-8.

. Gaylin DS, Moiduddin A, Mohamoud S, Lundeen K,

Kelly JA. Public attitudes about health information tech-
nology, and its relationship to health care quality, costs,
and privacy. Health Serv Res 2011;46(3):920-38.
Bhattacharya D, Canul M, Knight S. Case study: impact
of the physical web and BLE beacons. Proceedings of
the 50th Hawaii International Conference on System
Sciences; 2017 Jan 4-7; Waikoloa Village, HI. p. 4262-5.
Han H, Park A, Chung N, Lee KJ. A near field com-
munication adoption and its impact on Expo visitors’
behavior. Int J Inf Manag 2016;36(6):1328-39.

Deloitte. The omnichannel opportunity: unlocking the
power of the connected consumer [Internet]. London:
Deloitte; 2014 [cited at 2016 Dec 30]. Available from:
https://www2.deloitte.com/uk/en/pages/consumer-
business/articles/unlocking-the-power-of-the-connect-
ed-consumer.html.

Griffiths GH, Howard A. Balancing clicks and bricks-
strategies for multichannel retailers. ] Glob Bus Issues
2008;2(1):69-76.

Lee KJ, Choi MH, Kwon SH, Jeon JH. A study on NFC
technology utilization and application cases in museum/
gallery. J Arts Cult Manag 2013;6(1):29-51.
Muller-Lankenau C, Wehmeyer K, Klein S. Strategic
channel alignment: an analysis of the configuration of
physical and virtual marketing channels. Inf Syst e-Bus
Manag 2006;4(2):187-216.

Regalado A. It’s all e-commerce now [Internet]. Big San-
dy (TX): MIT Technology Review; 2013 [cited at 2016
Dec 30]. Available from: https://www.technologyreview.
com/s/520786/its-all-e-commerce-now/#comments.
Verhoef PC, Kannan PK, Inman JJ. From multi-channel
retailing to omni-channel retailing: introduction to the
special issue on multi-channel retailing. J Retail 2015;
91(2):174-81.

Peltola S, Vainio H, Nieminen M. Key factors in devel-
oping omnichannel customer experience with Finnish
retailers. In: Nah FE, Tan CH, editors. HCI in business.
Cham: Springer International Publishing; 2015. p. 335-
46.

Baburoglu ON, Ravn 1. Normative action research. Or-
gan Stud 1992;13(1):19-34.

Baskerville RL, Wood-Harper AT. A critical perspective
on action research as a method for information systems
research. In: Willcocks LP, Sauer C, Lacity MC, editors.
Enacting research methods in information systems.
Cham: Springer International Publishing; 2016. p. 169-

www.e-hir.org

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

HIR

90.

Susman GI, Evered RD. An assessment of the scientific
merits of action research. Adm Sci Q 1978;25(4):582-
603.

Timmers P. Business models for electronic markets.
Electron Mark 1998;8(2):3-8.

Yao W, Chu CH, Li Z. The adoption and implementa-
tion of RFID technologies in healthcare: a literature re-
view. ] Med Syst 2012;36(6):3507-25.

National Cancer Center. Recommendations for distress
management in cancer patients [Internet]. Ilsan, Korea:
National Cancer Center; 2008 [cited at 2016 Dec 30].
Available from: http://www.cancer.go.kr/2010/04/22/
Recommendations_Distress_Management_versionl.
pdf.

Lin CC, Lin PY, Lu PK, Hsieh GY, Lee WL, Lee RG. A
healthcare integration system for disease assessment
and safety monitoring of dementia patients. IEEE Trans
Inf Technol Biomed 2008;12(5):579-86.

Lai CL, Fang K, Chien SW. Enhanced monitoring of
tuberculosis patients by using RFID technologies. Int ]
Mob Commun 2010;8(2):244-56.

Iadanza E, Dori E. Custom active RFID solution for chil-
dren tracking and identifying in a resuscitation ward.
Conf Proc IEEE Eng Med Biol Soc 2009;2009:5223-6.
Greengard S. RFID: cure for counterfeit drugs? [Inter-
net]. Hauppauge (NY): RFID Journal; 2003 [cited at
2016 Dec 30]. Available from: http://www.rfidjournal.
com/articles/view?611.

Glabman M. Room for tracking. RFID technology finds
the way. Mater Manag Health Care 2004;13(5):26-8, 31-
4, 36 passim.

Azevedo SG, Ferreira JJ. Radio frequency identifica-
tion: a case study of healthcare organisations. Int J Secur
Netw 2010;5(2-3):147-55.

Huang PJ, She CC, Chang P. The development of a
Patient-Identification-Oriented Nursing Shift Exchange
Support System using wireless RFID PDA techniques.
AMIA Annu Symp Proc 2005;2005:990.

Jaffe R, Nash RA, Ash R, Schwartz N, Corish R, Born T,
et al. Healthcare transparency: opportunity or mirage. ]
Manag Dev 2006;25(10):981-95.

Kim SJ, Kim NS. An approach about implementation
and use of one-stop healthcare service system using
RFID technology. Proceedings of the 8th International
Conference on Advanced Communication Technology
(ICACT); 2006 Feb 20-22; Phoenix Park, Korea. p. 339-
44,

https://doi.org/10.4258/hir.2017.23.1.25



