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Abstract: A complete and thorough understanding by patients of their prescriptions is one of the most critical components of a successful treatment journey.
Being unfamiliar with the intricacies of prescribed medication can cause serious
health risks due to not adhering to prescription instructions or noting potential
drug interactions, which can lead to life-threatening injuries. Pharmacists face
communication barriers (including non-English speaking patients), lack of time,
lack of knowledge, workload, and frequent interruption when dispensing medicines often preventing them from providing the necessary guidance to their
patients. To minimize this risk, an NFC-Guidable polypharmacy system was
developed integrating Near Field Technology (NFC) into prescription packages.
The intention being, to automate prescription identiﬁcation for elderly patients
in hospitals and primary health care (PHC) centers where Arabic is their native
language and patients have ﬁve or more prescriptions at a time. The system provides prescription information such as name, expiration date based on the Islamic
calendar, appropriate dosage, the correct time for a dose, contraindication, and
other relevant instructions in Arabic. The objectives of the system are to improve
patient safety and enhance the quality of prescription dispensing for elderly and
non-English speaking patients. An evaluation study with polypharmacy elderly
patients and pharmacists is conducted to understand the perception and acceptance of the system by both groups. The strengths and weaknesses of the system
as well as suggestions for improvement from participants were also gathered. The
study results indicate that the system helps patients to avoid misuse of sensitive
medication and authenticates their prescribed prescription drugs before taking
them. The system also assists pharmacists in improving the efﬁciency of dispensing medication and streamline processes. Overall, the application was well
received by both patients and pharmacists. Thus, NFC technology should be integrated into the healthcare sector to overcome language barriers, the lack of specialized medication labels for illiterate or patients with sight constraints as well
as unreasonable expectations placed on pharmacists.
Keywords: NFC; health; elder patients; pharmacists; language
This work is licensed under a Creative Commons Attribution 4.0 International License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original
work is properly cited.

446

CSSE, 2022, vol.41, no.2

1 Introduction
As noted by the United Nations [1], the world’s population is rapidly aging and nearly every country in
the world is experiencing a growth in both the number and proportion of older persons. Population aging is
not only straining global healthcare systems, but it is also impacting this vulnerable group as they learn to
adapt to the challenges of getting older. The elderly population contends with numerous medical ailments,
which can not only mean several trips to varying doctors but also entails multiple prescriptions. This
occurrence of being prescribed at least ﬁve different drugs is referred to as polypharmacy and is common
as well as a serious trend for elderly patients [2]. Factors contributing to polypharmacy are multiple
medical conditions managed by multiple subspecialist physicians, suffering from chronic mental health
conditions, and living in a long-term care facility.
For example, an elderly patient suffering from common age-related medical conditions like
hypertension, diabetes, osteoporosis, osteoarthritis, and chronic obstructive pulmonary disease (COPD) is
prescribed 12 separate medications [3]. It is estimated that 40% of elderly individuals are affected by two
or more chronic diseases [4] and elderly diabetic patients are at a much greater risk of receiving
polypharmacy than individuals suffering from other illnesses [3]. Adding additional concern, globally,
over 46% of the elderly have disabilities, and approximately 250 million people 60 years old and over
have moderate to severe disability [5].
The more elderly receiving polypharmacy means a greater chance of tragedy and is viewed as a
prescription safety issue. Polypharmacy is associated with potential consequences such as the increased
risk of adverse drug-to-drug interactions, increased prescription cost, medication nonadherence, and
decreased functional capacity [4]. In fact, the potential for accidental overdose increases when an
individual regularly takes ﬁve or more medications [6–7]. In a study investigating polypharmacy in Saudi
Arabia, Salih et al. [8] reported that 89% of elderly outpatients experienced polypharmacy, and only 20%
of patients adhere to prescribed medications. Non-adherence to prescribed medication can preclude
therapeutic outcomes and waste healthcare resources [9]. In diabetic patients, frequently missing
prescription doses can be increasingly dangerous by lowering the recommended drug level causing
suboptimal glucose control [10]. As a result, superﬂuous titration in dosage by the physician can lead to
an increased risk of both hypoglycemic and hyperglycemic episodes resulting in detrimental effects [10].
Non-adherence to prescribed medication instructions is reportedly due to confusion regarding the drugs,
their correct dosage, and forgetting to take a dose. Any one of these circumstances can lead to severe
consequences such as hospitalization [11]. To avoid the worst-case scenario, patients usually adopt
approaches like using pillboxes, writing a note on the medicine bottle, and having the drug with their
meal or activity to help manage them correctly [12–14]. Having clear prescription information and
management helps patients to better comply with physician instructions and minimize the risk of facing
serious consequences. Researchers point out that educating patients about their prescriptions leads to
higher compliance rates and increased overall patient satisfaction [15]. This is despite the Prescribing
Information (PI) being included with the prescription with the sole purpose to inform patients about their
medications’ appropriate usage, dosage, and side effects [16]. Although, it has been pointed out that this
leaﬂet can be difﬁcult to read by older patients with poor eyesight and non-native English speakers.
Typically, pharmacists consider this and try to inform patients of their own accord. However, elderly
patients might forget or get confused with various medications due to the overwhelming cognitive load.
Thus, developing an accessible tool that uses both a patient’s preferred language and a simpliﬁed
description of PI content would be beneﬁcial and minimize the elderly population’s level of risk. And
21st-century technology is ready to meet the challenge; several smart applications have been developed to
remind patients to take their medicine [17–24]. Additional applications have implemented the QR code
technology sector to assist patients and enhance their safety while taking medication [25–27]. However,
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scanning a QR code requires some technical knowledge requiring patients to open a smartphone camera and
precisely direct and position the camera on the QR symbol [28].
To overcome these limitations, Near Field Communication (NFC) technology has proven to be more
accessible for older patients having little experience with smartphone devices. This paper describes the
design and preliminary evaluation of a newly developed NFC-Guidable system to manage elderly
diabetic patient prescriptions to mitigate both user error and inherent risk.
2 Related Work
NFC technology has been implemented in several areas of healthcare management. For example, Sethia
et al. [29] proposed using Android-based mobile devices integrated with NFC technology and Bluetooth
interfaces to store credentials and secure data for health record management through a kind of digital
health card. The system uses three NFC communication modes: reader/writer operating mode, peer-topeer mode, and card emulation mode. Meanwhile, Yoon et al. [30] proposed an NFC medication
management system for elderly patients. In this system, an NFC-based medication bottle cap and
smartphone application program are integrated to sound an alarm reminding the patient to take their
prescribed dose. The concept is built upon Apex Medical Corporation’s medication organizer that has a
built-in LED screen and timer as well as Vitality’s GlowCap, a pill bottle with a built-in wireless
reminder alarm. It has not yet been tested with an elderly patient sample.
Razm et al. [31] developed an infrastructure to be used in the development of mobile healthcare systems
referred to as M-health. These M-health applications are projected to minimize healthcare costs and improve
the quality of patient care. By utilizing NFC technology, the proposed system uses mobile devices that are
connected to wireless communication technology to securely provide on-demand patient information by
hospitals with a focus on emergency rooms and intensive care units where time is critical. The authors
explain that this NPC technology can be utilized either inside or outside the body. A mobile device such
as a smartphone would store electronic health records, or an implanted RFID device would also
wirelessly communicate the patient’s medical history. However, the proposed architecture has yet to be
applied or tested.
Another NFC-based healthcare system developed by Fontecha et al. [32], combined NFC technology
with touch interaction to help nursing students administer medication, clinical tests, and monitor patient
vital signs with simple patient-nurse interaction. This system can only be used within the hospital and
does not provide support to the patient once released. A prototype has been evaluated by two nursing schools.
While NFC technology has been aiding healthcare workers in some ways, the focus has been less on the
patient’s welfare and more on facilitating patient care. Of speciﬁc interest is the lack of NFC technology used
to manage polypharmacy in elderly diabetic patients. Additionally, the ability afforded by NFC technology to
provide prescription information in a patient’s native language has yet to be studied. Existing systems are also
in need of being evaluated by those that would be using the proposed applications for ease of use and overall
beneﬁt.
The speciﬁc objectives are to:
▪ Garner patient feedback about the NFC-Guidable polypharmacy system.
▪ Identify pharmacist perception and acceptance of the NFC-Guidable system.
▪ Identify patient perception and acceptance of the NFC-Guidable system.
▪ Determine the strengths and weaknesses of the NFC-Guidable polypharmacy system to inform
improvements.
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The primary goal of this research is to improve the quality of medical guidance and enable patients to use
prescribed medications safely. It also seeks to reduce prescription errors and potential adverse side effects.
The secondary goal is to simplify obtaining patient prescription details such as name, expiration date,
instructional use, and potential side effects.
2.1 Materials and Methods
The NFC-Guidable polypharmacy system is intended to automate prescription guidance and
management. It assists patients in recognizing the following:
▪
▪
▪
▪
▪
▪

Medication name
Expiration date based on the Islamic calendar
Correct prescribed dosage
Speciﬁc time to take the medication
Potential side effects from food interaction or mixing with other medications
Any additional prescription instructions

Because this study focuses on an Arabic-speaking sample, prescription guidance is provided in Arabic
using NFC technology to bridge any language barrier, another advantage of the system.
2.2 NFC System Design
The NFC-Guidable polypharmacy system was implemented using a Nexus S Android smartphone
device with Android’s 8.1.0 version. NFC technology, in the form of digital tags, was used to store
prescription information and guidance. As seen in Fig. 1, NFC communication occurs between two NFCcompatible devices. In this case, a smartphone enabled with the NFC-Guidable polypharmacy system and
a corresponding NFC tag that is attached to the prescription bottle.

Figure 1: NFC-Guidable polypharmacy system operating mode
The system utilizes the reader/writer operating mode where a smartphone initiates the communication as
an active device and can both read from and write to an NFC tag (RFID) on the prescription bottle. This is
similar to a QR code, but NFC technology is more secure, requires authentication, and provides customized
content.
2.3 NFC Application Interface
The NFC-Guidable polypharmacy system has two interfaces, one for pharmacists and the other for
patients (see Fig. 2). No technical knowledge is required to use either interface; users simply scan the tag
on the pill bottle and receive the prescription information on their smartphone.
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Figure 2: NFC-Guidable system interface
2.4 NFC Tags
In the reader/writer mode of the NFC-Guidable polypharmacy system, writing tags are designed for
pharmacists. The tag allows them to store relevant prescription information directly in the digital NFC tag
that is attached to the prescription bottle. Pharmacists or physicians can determine the content stored
within the NFC tag for each medicine. Pertinent information includes the purpose of the medicine, the
required dose per day, the time and correct method patients should take the drug, contraindications, and
the expiration date. In contrast, reading tags are designed for patients allowing them to retrieve the
prescription information using their Android device to scan the pill bottle’s NFC tag.
3 NFC-Guidable Polypharmacy System Evaluation
3.1 Usability Testing Design
To perform the NFC-Guidable polypharmacy system usability test, researchers conﬁrmed patient
prescription information with each participant’s physicians. Then, NFC tags placed on the prescription
bottles were programmed with this data.
Patient participants were asked to use the NFC-Guidable polypharmacy system in their home for six
weeks. They were to use their smartphone to read the prescription tag each time they needed to take their
medication and/or each time they could not identify a pill bottle. Meanwhile, pharmacists were
responsible for writing the prescription information for the attached NFC tag.
The study is organized as follows:
▪
▪
▪
▪
▪

Participant Pre-questionnaire
NFC-Guidable Training
NFC-Guidable Usability Test
Participant Perception and Acceptance Questionnaires
Participant Interview Sessions
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3.2 Procedure
The researchers sent an email to potential participants containing the study description, objectives, and
procedures to the hospital director. The hospital director shared it with pharmacists and physicians who
monitor the health of elderly patients. Pharmacists wanting to participate in the study sent an email
response and a meeting session was arranged to sign the consent form and collect demographic data as
well as train them on how to use the application. The physicians recruited patients that suffer from
chronic diseases and have trouble reading the ﬁne print. For the initial patient visit, the participating
pharmacists and researchers explained the study to the patients who then signed the consent form. Then,
the researchers collected demographic data from the patients including age, gender, health status, number
of prescribed medicines. Meanwhile, the pharmacists recorded each patient’s prescription information
using the developed mobile application. Researchers followed up by explaining to the patients the usage
of the application and answered any remaining questions. After the study, participants answered
perception and acceptance questionnaires and were interviewed individually. Participation was voluntary
in all phases of the study. Participants were also informed that they may withdraw from the study at any
time. No private or identifying information was collected and the study was approved by Taif University.
3.3 Participants
Participants for the usability test included 9 elderly patients and 7 pharmacists. Both groups were
recruited from the Alsahan Hospital and AL-Dar Alhamra Center in Taif, Saudi Arabia. Patient
participants suffer from chronic disease and take more than three medications. They also have limited
knowledge of smartphone technology. Inferential statistics were gathered at the beginning of the research
including demographic data for each group. Patient participants were asked about their age, gender,
health status, the number of medications prescribed to them, and their level of technical experience
(Tab. 1). Pharmacist participants were asked about their gender, years of experience with patients, and
level of technical knowledge (Tab. 2).
Table 1: Patient demographic data
Patient Gender Age Health status
number

Number of Technical
prescribed experience
medicines

P1
P2
P3

Male 92
Female 71
Female 76

7
5
7

P4
P5
P6
P7
P8
P9

Female
Male
Female
Female
Female
Male

70
84
80
75
71
91

Diabetes and high blood pressure
Low blood pressure and high heart rate
High blood pressure, diabetes, and kidney
inﬂammation
High blood pressure, diabetes, and heart disease
Kidney infections, high blood pressure, diabetes
Cholesterol and diabetes
Diabetes and high blood pressure
Diabetes and high blood pressure
A stroke, high blood pressure, and high cholesterol

7
6
3
5
5
7

No experience
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Table 2: Pharmacist demographic data
Pharmacist number

Gender

Length of experience

Technical experience

Pharm1
Pharm2
Pharm3
Pharm4
Pharm5
Pharm6
Pharm7

Male
Male
Male
Male
Male
Male
Male

3 years
7 years
12 years
7 years
1 year
2 years
1 year

Expert
Moderate
Moderate
Moderate
Expert
Expert
Expert

3.4 Participant Pre-Questionnaire
In the pre-questionnaire, in addition to demographic information, patient-participants were asked to
answer a series of questions regarding their experience with prescription management, appropriate use
and identiﬁcation, and physician guidance as well as dosage instructions. Pharmacist participants, in
addition to demographic information, were questioned about how prepared they feel their patients are to
correctly read prescription labels provided in English as well as to properly follow medical guidance.
3.5 NFC-Guidable Polypharmacy System Training
During the NFC-Guidable polypharmacy system training researchers explained to participants how to
use the application. The participants were trained to use the NFC-Guidable tag system under supervision
to ﬁrst familiarize themselves with the application. The single training session was 15 min in duration.
3.6 Participant Perception and Acceptance Questionnaires
Upon completion of the six-week usability test, each group of participants was asked to complete both
perception and acceptance questionnaires. The perception and acceptance surveys were developed with the
Holden et al. [33] instrument framework, which uses cross-sectional survey data to determine all variables for
perceptions and acceptance. Using the review of NFC technology literature, the surveys were adapted to meet
the needs of the current study.
3.7 Participant Interview Sessions
Following the perception and acceptance questionnaires, both participant groups were interviewed. The
intention is to learn more about the software’s strengths, weaknesses, appropriateness of tag information, and
overall impressions while using the application.
Pharmacists were asked:
1.
2.
3.
4.

Does the system improve how prescription information is provided to patients?
Does the system simplify the process for a pharmacist when explaining medications to the patient?
From your perspective, what are the system’s strengths and limitations?
From your perspective, do you have any suggestions for improving the system?
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Patients were asked:
1. From your perspective, what are the system’s strengths and limitations?
2. From your perspective, do you have any suggestions for improving the system?
4 Results and Discussion
The following identiﬁes the ﬁndings of the participant pre-questionnaire, NFC-Guidable polypharmacy
system training, NFC-Guidable polypharmacy system usability testing, participant perception and
acceptance questionnaires, and subsequent interview sessions.
4.1 Pre-Questionnaire Results
The pre-questionnaire shows that all patient participants take anywhere from 3 to 7 medications
regularly because they suffer from chronic diseases such as high blood pressure, diabetes, and heart
disease. They have depended on one family member to manage and identify their medications in the past,
causing hardship for the family and leaving room for error should the responsible party change. Thus,
they tried to use a pillbox organizer to manage medications, but at times the patients reported getting
confused and possibly making an error. None of the patient participants check the expiration date of their
prescriptions, despite potential harmful effects, because they are formatted in the Gregorian style rather
than using the Islamic calendar. Another obstacle described by patient participants is critical information
being provided in English, which is not their native tongue. One participant explained that sometimes
they had to ask their families to translate the name of the medicine and identify the correct dosage. A few
remarked that they also ask the pharmacist for help when they have questions about their medication or
cannot read the provided information. For example, patient 5 stated that “I have difﬁculty understanding
the prescription. In particular, for periodic medicine, I do not understand the written abbreviation on the
medicine package, and I do not know how many times I can use it every day. My son sometimes visits
the hospital to conﬁrm the instructions for my medicine.”
The pre-questionnaire indicates that pharmacist participants face difﬁculties when fulﬁlling
prescriptions for elderly patients that regularly take multiple medications. The challenge increases when
the patient requires more than 5 drugs because they easily become confused and overwhelmed.
Pharmacist 3 stated that, “I face difﬁculty in describing the prescriptions for elder people who have
hearing impairment” while pharmacist 5 reported that, “I am always worried about elder people who have
to take more than 3 drugs and they do not have a young person who accompanies them during the visit;
they usually get overloaded and confused about the prescription for each medicine.” Pharmacist 2 noted
that, “one of the key issues I have faced was explaining the prescription to a patient who does not speak
my language.” And Pharmacist 1 stated that, “if the drug brand changed, old patients who identify their
medications by the box color get confused and usually use the medicine incorrectly.”
All pharmacists explained that they use verbal instruction with patients informing them of prescription
proper use. However, pharmacist participants also reported that they do not inform patients of the expiration
date, but ensure it is recorded on the bottle.
4.2 NFC-Guidable System Perception and Acceptance Results
The perception survey used in this study for pharmacist participants evaluated ﬁve NFC-Guidable
related factors [33], which are (1) ease of use, (2) usefulness for the job, (3) social inﬂuence from nonspeciﬁc others to use the NFC-Guidable system (4) training, (5) usefulness for patient care, and (6) social
inﬂuence from patients/families (Tab. 3).

CSSE, 2022, vol.41, no.2

453

Table 3: Pharmacists’ perceptions of NFC-Guidable system
Factors

Response frequencies (%) on 0–6 scale
0

1

2

3

Not A
Some Moderate
at all little
amount
Perceived ease of use (PEOU)
Clear and understandable
0
0
Easy to use
0
0
Requires a lot of mental effort
4
1
Easy to get it to do what I want
0
0
Perceived usefulness, generic (PU)
Improve job performance
0
0
Increases productivity
0
0
Enhances effectiveness in job
0
0
Useful in job
0
0
Perceptions of NFC-Guidable training (TRAINING)
Amount received
0
0
Usefulness of training
0
0
Completeness of training
0
0
How well timed was training
0
0
Perceived Usefulness for Patient Care (PU-PT)
Improves patient care
0
0
Reduces likelihood of medication error
0
0
Facilitates patient care decision making
0
0
Makes caring for patients easier
0
0
Perceived social inﬂuence from patient/family (SI-PT)
Patients/families like system
0
0
Patients/families believe system reduces
0
0
chances of medication errors
Patients/families believe system is good for 0
0
quality patient care
Patients/families appreciate being scanned 0
0
before taking medicines

4

5

6

Pretty
much

Quite
a lot

A great
deal

0
0
2
0

0
0
0
1

1
0
0
0

4
4
0
2

2
3
0
4

0
0
0
0

0
0
0
0

0
0
1
0

3
4
3
2

4
3
3
5

0
0
0
0

2
0
1
0

2
1
1
2

1
5
3
3

2
1
2
2

0
0
0
0

0
0
0
0

0
0
0
0

5
4
4
3

2
3
3
4

0
0

0
0

0
0

3
2

4
5

0

0

1

1

5

0

1

1

1

4

Overall, the correlation between pharmacist perception scores was highly positive. Pharmacists rated the
NFC-Guidable system as easy to use by Perceived Ease of Use (PEOU) standards (PEOU, mean = 0.96,
SD = 1.47) (as shown in Fig. 3). Also, 57.1% of pharmacists found the NFC-Guidable application is clear
and understandable. None of the participants reported the NFC-Guidable system was ‘not at all,’ only
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‘a little,’ or ‘somewhat’ easy to use and 57.1% reported using ‘none at all, ‘14.3% ‘a little,’ and 28.6%
‘some” mental effort when using the application (Tab. 3).
1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0

Mean
Standard deviation

Perceived ease of
Perceived
Perceptions of NFCPerceived
use (PEOU)
usefulness, generic Guidable training
Usefulness for
(PU)
(TRAINING)
Patient Care (PUPT)

Perceived social
influence from
patient/family (SIPT)

Figure 3: Pharmacists’ perceptions mean and standard deviation of NFC-guidable system
Pharmacists rated the NFC-Guidable system as extremely useful for improving job performance (PU,
mean = 1, SD = 1.61) (as shown in Fig. 3). None of the participants perceived that the application ‘not at
all’, ‘a little’ or ‘some’ improve job performance, increase productivity, enhances effectiveness in job and
it is useful in their job. Over 57.1% perceived that NFC-Guidable system did ‘a great deal’ and 42.9%
perceived that NFC-Guidable system did ‘quite a lot’ in improving job performance; 42.9 perceived that
NFC-Guidable system did ‘A great deal’ useful in their job; even larger proportions of pharmacists
perceived NFC-Guidable system improving productivity or effectiveness of medication dispensing. Over
half the pharmacists perceived that BCMA did ‘a quite a lot’ make patient care easier, and 42.9%
perceived that the NFC-Guidable system reduced the likelihood of medication error ‘A great deal’.
Most participants rated perceptions of NFC-Guidable training more beneﬁcial than not (Training,
mean = 1, SD = 1.27) (as shown in Fig. 3). 57.1% reported that ‘quite a lot’ training for the NFCGuidable system was useful. Pharmacists’ perceptions of the training timing were quite appropriate for
42.9% and 28.6% completed the whole training and 42.9% completed part of the training.
Pharmacists reported that the NFC-Guidable system is useful for patient care (PU-PT, mean = 1, SD =
1.67) (as shown in Fig. 3). 71.1% responded that the application enhances patient care ‘quite a lot’ and 57.1%
perceived the application quietly minimized the rate of medication error and facilitated better patient care
decision making. 57.1% also perceived the application as greatly making caring for patients easier.
Pharmacists perceived a very high social inﬂuence from patients and family (SI, mean = 1, SD = 1.63)
(as shown in Fig. 3). 71.4% responded ‘a great deal’ and 28.6% responded ‘quite a lot’ of patients and
families like the NFC-Guidable system. 100% responded ‘quite a lot’ or ‘a great deal’ that system
reduces chances of medication errors, and that 71.4% the application is effective for quality patient care,
57.1% perceived those patients appreciated being scanned before medication administration ‘a great deal’.
4.3 Pharmacist Acceptance of NFC-Guidable System
Tab. 4 displays the pharmacist’s responses toward acceptance of the NFC-Guidable system.
Pharmacists’ intention to utilize the application over moderate (BI, mean = 1, SD = 1.44). 42.9%
responded that if they have access to the system, they will quietly use it and 57.1% percent would want
to use the application if it were up to them (as shown in Fig. 4).
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Table 4: Pharmacist scores on acceptance responses for individual scale items
Response frequencies (%) on 0–6 scale
0

1

2

3

Not at A
Some Moderate
all
little
amount
Behavioral intention to use system (BI)
Intend to use system if I have
0
access
Predict I will use system if I have 0
access
Would want to use system if it were 0
up to me
Satisfaction with system (SATISF)
Satisﬁed with system
0
Prefer system to prior process
0
Dissatisﬁed with system
3
Would recommend to a friend
0

4

5

6

Pretty
much

Quite a A great
lot
deal

0

1

1

2

3

0

0

0

2

1

4

0

0

0

1

1

5

0

0
0
2
0

0
0
2
0

0
0
0
0

0
1
0
2

3
2
0
2

4
5
0
3

Mean
1.6

Standard deviation

1.4
1.2
1
0.8
0.6
0.4
0.2
0
Behavioral intention to use
system (BI)

Satisfaction with system
(SATISF)

Figure 4: Pharmacists’ acceptance responses mean and standard deviation
In addition, the participants’ satisfaction with the system was highly positive (SATISF, mean = 1.036,
SD = 1.47) (as shown in Fig. 4). Over 57.1% reported that they were satisﬁed with the application and
71.4% reported the preference of the system over prior methods. Over 71.4% reported that they were ‘not
at all’ or ‘a little’ dissatisﬁed with the application and 42.9% percent are willing to recommend this
application to friends at other hospitals.
4.4 Patient Acceptance of NFC-Guidable System
Tab. 5 displays the patients’ responses toward acceptance of the NFC-Guidable system. Patients’
intention to utilize the application over moderate (BI, mean 1.2, SD 1.677) (as shown in Fig. 5). Over
77.8% of patients were intended to use the application if they have access. 55.56% of respondents said
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the system would help their well-being ‘a great deal.’ Similarly, 55.56% of the respondent said they would
use the system ‘a great deal’ if it were up to them.
Table 5: Patients’ acceptance of NFC-Guidable system
Response frequencies (%) on 0–6 scale
0

1

2

3

Not at A
Some Moderate
all
little
amount
Behavioral intention to use system (BI) (N = 9)
Intend to use system, if I have
0
0
access
0
0
I will use the system, if I have
access
Would want to use system, if it
0
0
were up to me
Satisfaction with system (SATISF) (N = 9)
Satisﬁed with system
0
0
Prefer system to prior process
0
0
Dissatisﬁed with system
5
3
Would recommend to a friend
0
0

2

4

5

6

Pretty
much

Quite a A great
lot
deal

0

2

2

1

4

0

1

2

1

5

0

1

0

3

5

0
1
0
0

1
2
1
1

0
0
0
0

4
2
0
3

4
4
0
5

Mean
Standard deviation

1.5
1
0.5
0
Behavioral intention
to use system (BI)

Satisfaction with
system (SATISF)

Figure 5: Patients’ acceptance responses means and standard deviation
Satisfaction with the NFC-Guidable system was signiﬁcantly positive (SATISF, mean = 1.28, SD = 1.75)
(as shown in Fig. 5). Over 88.89% reported that they were satisﬁed with the application and 66.67% of
patients preferred to use the NFC-Guidable application to prior used methods. 88.89% reported being
‘Not at all’ or ‘a little’ dissatisﬁed with the application. Over half of the participants reported that they
would recommend the NFC-Guidable system to friends at another hospital.
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5 Discussion
The pre-questionnaire for the pharmacist participants highlights several challenges to prescribing
medication to elderly and polypharmacy patients such as language, hearing impairment, illiteracy, and
medications of the same name but with different packaging. In addition, most of their patients are
dependent on caregivers or family members. They frequently get confused when receiving prescriptions
for 3 or more medications. Thus, this technology can make them more independent. The study shows that
pharmacists valued the NFC-Guidable system and found it helpful when dispending drugs. Most
importantly, pharmacists indicated that they would implement the NFC-Guidable system into their
protocols if available.
The NFC-Guidable system is the ﬁrst application that allows pharmacists to provide prescription
information in Arabic while enabling patients to check their prescription information whenever they
choose. It is a valuable resource for caregivers who can simply scan the NFC tag attached to the
prescription bottle.
The study’s patient participants did not have experience with smartphone technology. Despite this, they
found the application easy to use and having an accessible interface. They also described the tool as helpful to
take their medications more safely. Patients unfamiliar with their medications valued the application and
appreciated it as a sort of reminder to take their dose. They also reported that the system helps avoid
confusion about how to properly take their medicine.
5.1 Strengths
The NFC-Guidable system has several beneﬁts for healthcare in terms of learnability and usability. The
key strength of the system is that NFC technology is simple and intuitive. This feature makes the NFCGuidable system fast and easy to operate, where it just requires users to scan the NFC tag to retrieve the
stored information. Patient 2 stated that “I could use the application without training.” In addition, one of
the patients stated that “I can use the application without assistance where I just touch the drug package
to know my prescription.” Another patient stated that “the application is very informative and highly
accurate for medications. It helps identify medicines, but I wish that it reminds me when I should reﬁll
medicines.” Patient 7 said, “It is a very helpful application for knowledge about medicines and their
uses.” Patient 5 stated that “it can be used as a reference note for medicine information.” Also that, “the
application is easy to use, fast and helpful. Most importantly it can be used ofﬂine to obtain medical
information.”
The NFC-Guidable application is effective because it is easy to use, and it reduces the time pharmacists
prescribing the medicine usage to patients. It can be an effective alternative method instead of orally
describing the prescription or writing it on the drug package. Pharmacists also found that NFC-Guidable
application improves patients’ care and safety. Another advantage pharmacist reported is that it minimizes
the effort that pharmacists provide when describing the medicine usage. Furthermore, pharmacists found
the application can speed up the medicine dispensing process and eliminate errors.
Patients stated that the ability to read the NFC tag by smartphone device is very important where users
can use their device to read the content of a tag without a need for other equipment. However, not all
smartphone devices are capable to read the NFC tags. All these advantages might assist pharmacists and
patients to accept the NFC-Guidable application for prescriptions’ identiﬁcations. Thus, NFC technology
has great potential for different applications and services in the healthcare sector.
5.2 Weaknesses
A weakness of the NFC technology is that NFC tags come with different storage sizes. If pharmacists
want to store a large amount of information, they must pay for additional space, which is expensive [34].
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Another limitation is that not all smartphone devices are capable of reading NFC technology. Pharmacists
reported that preparation the NFC content for each medication tag could be time-consuming as would
require preparing it in advance.
5.3 Suggestions
Participants provided several suggestions to improve the NFC-Guidable system features. Pharmacists
suggested preparing a booklet that has common prescription information on it for most patients to speed
up the process of preparing and writing the content on the tag. Also, one pharmacist suggested that
preparing the content of the tag should be by the physicians because he stated, “patients trust physicians
more than Pharmacists.” An important suggestion from pharmacists about the tag content indicates the
importance of informing patients about the right time to take drugs and whether before, after, or with a meal.
Patients suggested adding a reminder to notify them when it is time to take their medications. Another
suggested adding a feature that determines potential harmful and unsafe combinations of prescribed drugs
once a user taps on the prescription bottle.
6 Conclusion
In this paper, the NFC smartphone application implemented to provide a medication identiﬁcation and
management service for old patients is described. To improve medication adherence and safety, the NFCGuidable application is developed to help patients and pharmacies, caregivers, and family members
automatically identify medications’ prescription. This application also helps patients automatically ensure
they are taking the right medication.
This application was evaluated with 9 elder patients and 7 pharmacists, and their perception and
acceptance of the service were positive. This application can be used by anyone who cannot read English
or who has cognitive issues where they quickly forget the given information by pharmacists. The NFCGuidable system improves the quality of ﬁlling prescriptions by providing adequate medical information
and enhancing medicine guidance and uses. One of the key strengths of the NFC application is that the
NFC technology is easy to use by both people who are familiar with technology and who are not. It also
can be read by a smartphone very fast. The study highlighted that using NFC improves patient experience
while taking medicine.
However, the developed application needs some improvements, such as preparation of the NFC tag
content, add other critical features to the app, such as detecting medications interactions and time reminders.
The result has some strengths and limitations. The key strength of the study is that it includes both
quantitative and qualitative measures to have a clear overview of patients’ perspectives. Also, it covers
sample subjects who have similar characteristics including literacy and no experience with smartphone
devices. However, the conducted study has some limitations, which prevent the study from being
generalizable. The limitations are the study length was short to identify the application strengths and
weaknesses, as well as the sample size from pharmacists and patients, was small.
Overall, using NFC application for medication identiﬁcation and prescription has a potential and it can
be considered an effective solution for older patients who use a set of medications. It is also a better solution
to assist pharmacists to provide the prescription digitally, which enhances the medicine dispensing process to
patients.
In the future, we are planning to improve the features of the NFC-Guidable Tag system to meet users’
requirements by preparing the NFC tags contents in advance to eliminate typing errors from the pharmacist’s
side. There is also a need to conduct a long study to ﬁnd out whether this type of technology affects the
number of patients visiting times as well as the number of calling physician times. We are also planning
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to use other technology like RFID to enhance patients’ awareness about their medicine prescription and
improve their fallowness of instructions.
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