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Objective. To assess and improve student adherence to hand hygiene indications using radio frequency
identification (RFID) enabled hand hygiene stations and performance report cards.
Design. Students volunteered to wear RFID-enabled hospital employee nametags to monitor their
adherence to hand-hygiene indications. After training in World Health Organization (WHO) hand
hygiene methods and indications, student were instructed to treat the classroom as a patient care area.
Report cards illustrating individual performance were distributed via e-mail to students at the middle
and end of each 5-day observation period. Students were eligible for individual and team prizes
consisting of Starbucks gift cards in $5 increments.
Assessment. A hand hygiene station with an RFID reader and dispensing sensor recorded the nametag
nearest to the station at the time of use. Mean frequency of use per student was 5.41 (range: 2-10).
Distance between the student’s seat and the dispenser was the only variable significantly associated
with adherence. Student satisfaction with the system was assessed by a self-administered survey at the
end of the study. Most students reported that the system increased their motivation to perform hand
hygiene as indicated.
Conclusion. The RFID-enabled hand hygiene system and benchmarking reports with performance
incentives was feasible, reliable, and affordable. Future studies should record video to monitor adher-
ence to the WHO 8-step technique.

Keywords: Infection control, radio frequency identification, architectural intentional design, pharmacy practice,
hand hygiene, benchmarking, pay for performance, World Health Organization

INTRODUCTION
Hand hygiene is the single most effective method

for preventing transmission of health care associated
infections, a top-10 cause of death in theUnited States.1,2

Yet, fewer than half of providers comply with hand-
hygiene indications and methods.3 Pharmacy students
on practice experiences may be exposed to pathogens in
health care settings through touching patient bedrails,
curtains and tables in health systems or handling credit
cards and shaking hands with patients in community
settings. Despite the relevance to pharmacy practice
and education, to the best of our knowledge, few studies
have shed light on instruction and assessment methods
for formal hand hygiene instruction in colleges and
schools of pharmacy.

Thirteen federal agencies, including the Food and
Drug Administration (FDA), US Centers for Disease

Control (CDC), and the National Institutes of Health

(NIH), compose the Interagency Task Force on Antimi-

crobial Resistance. The task force endorses the World

Health Organization (WHO) hand hygiene indications

and methods for hand rubbing with alcohol-based prod-

ucts and has partnered with more than 2500 health care

systems to implement these standards, including the use

of “innovative and inexpensive wireless technologies to

monitor healthcare worker movement and approximate

hand hygiene adherence.”1

One of these technologies is radio frequency identi-
fication (RFID), which is increasingly used in health sys-

tems for a range of applications including tracking

patients and resources.2 Concerns over hand hygiene ad-

herence rates as low as 39% among health care providers

has led to increased interest in expanding hand hygiene as

a measurable outcome in accreditation standards of the
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JointCommission.1,3 Several studies compared direct live
observation to passive RFID systems for this purpose.
Study designs varied widely, resulting in comparative
efficacy rates of 52.4 to 100% compared to direct obser-
vation.4-7 This range may be attributable to study design
factors, such as adherence to wearing the RFID tags and
radio interference from other equipment.

Community settings such as private practices and
community pharmacies are typically excluded from these
efforts, although the prevalence of community-based
nasal colonization by Staphylococcus aureus is estimated
at 33% and methicillin-resistant Staphylococcus aureus
(MRSA) at 1.5%.8 About 14 million outpatient visits per
year are attributed to MRSA-related care and screening.9

These estimates are the most recent available but are now
at least five years old and may therefore be low. Bacterial
contamination of at least one large health system phar-
macy robot is documented.10 Indoctrinating pharmacy
students in the proper technique and potential impact of
proper hand hygiene in all practice settings may help to
reduce the transmission of harmful pathogens in all areas
of pharmacy practice.

In previous work, we implemented and assessed new
curricula for teaching pharmacy students WHO hand hy-
giene indications and hand rubbing using alcohol-based
products.11 We later reinforced these lessons by having
students screen themselves for MRSA nasal colonization
and calculating the classroom prevalence of nasal coloni-
zation.12 Students reported greater motivation to perform
hand hygiene, among other outcomes, after this exercise.
In this paper, we describe our effort to monitor hand hy-
giene adherence in the semester following hand hygiene
instruction and the MRSA self-screening exercise. Stu-
dents use the same classroom for every class in the
PharmD program, with instructors coming to them. We
used the classroom as a proxy for a patient room. Students
volunteered to wear hospital nametags that included
RFID tracking labels and to use the alcohol-based product
hand hygiene stations located at the doorways when en-
tering and exiting the room. The stations included passive
RFID monitoring and active dispensing monitoring and
recorded the time of each student’s use of the dispenser.

DESIGN
We used the RFID system developed specifically

for use in patient rooms in a teaching hospital in our
area.7,13,14 A pilot study in an occupied patient room in
this hospital over a one-month period demonstrated that
this low-cost, automated monitoring system successfully
tracked hand-hygiene adherence.7 The system relied on
passive RFID tags (stickers) placed under the photo and
name plate of ID tags. The stickers did not require

recharging and were inexpensive. Each RFID sticker
was unique and assigned to an individual. Two sensors
on the hand hygiene station capture the date and time of
each use and the RFID tags by distance from the dispenser
in near continuous time. The data were automatically
transferred via secure Internet connection to a server.
We then correlated the RFID with the closest proximity
to the station at the time of dispensing to identify the
student.

Among the WHO indications for hand hygiene with
alcohol-based products is moving between patient zones,
for example leavingor entering a patient room.Students use
the same classroom everyday and sit in the same seats for
their entire first (P1) year, with instructors coming to the
roomto teach.Theclassroombecameourproxy forapatient
room, and students were expected to perform hand hygiene
uponentry and exit. The springP1class schedule consists of
50-minute periods with 10-minute breaks. We used this
schedule to predict the approximate time when students
should be entering and leaving the room. The expected
frequency of hand hygiene station use was twice per break
between classes (once to leave and once to return), once in
themorning and once at the end of the last class, or up to six
times per day on Mondays and Fridays and eight times per
day on Tuesdays, Wednesdays, and Thursdays.

Student volunteers participated for five consecutive
days at a time, wearing their assigned ID tags daily. Tags
were allocated on a first-come, first-served basis during
the study window until all students participated. Students
received “report cards” consisting of graphs displaying
their hand hygiene adherence next to that of the mean
class performance (Figure 1).

Subjects were volunteers from the PharmD class of
2016 who were then in their P1 year (Table 1). The class
was largely white and under age 25. (The investigators
were not responsible for any grading in this group of
students during this semester, thereby ensuring unbiased
treatment of volunteers and those who chose not to
participate.) To encourage participation, all volunteers
received $5 gift cards for the Starbucks on campus. In-
dividual prizes of up to $50 were given to the top three
performers in the class during the study period. Perfor-
mance was based on the number of uses compared to the
number of opportunities (before and after each class).
This study was reviewed and approved by the St. John
Fisher College Institutional Review Board.

Ordinary least squares (OLS) regression was used to
determine the association between gender and distance
from seat to hand hygiene station, respectively.Wilcoxon
rank sum testwas used to determine significant changes in
pre/postsurvey items. All analyses were performed using
SPSS, v22 (IBM, Armonk, New York).
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The first learning objective was for students to suc-
cessfully demonstrate use of the system over a five con-
secutive day performance period. This objective falls
underApplication inBloom’s15 and Fink’s16 Taxonomies
(Table 2). Students experienced the system first-hand and
observed their peers as they experienced the system
(Fink’s human dimension).16 Based on the RFID moni-
toring exercise, students were also expected to express an
improvement in knowledge of the importance of hand
hygiene to patient health and pharmacy practice, and an
improvement in their motivation to perform hand hy-
giene. Improvements in knowledge were expected to be
a reaction to the formalization and integration of hand
hygiene assessment into a classroom in a semester distant

from the one in which the material was first introduced,
thus reinforcing their knowledge that hand hygiene is
considered important by the faculty members and school
(Fink’s knowledge, foundational knowledge, human di-
mension, application).

Similarly, improvements in motivation were ex-
pected to arise from students’ anticipation of being
monitored during future classes or employment. The lat-
ter falls under synthesis in Bloom’s Taxonomy and in-
tegration in Fink’s Taxonomy, as students must consider
facts, experiences, and expectations to develop that in-
creased motivation. Fink’s human dimension is present
in all three learning objectives as students learn by first-
hand experience and observation about their own and
their classmates’ experience with the RFID system and
degree of adherence over time to hand hygiene indica-
tions. Overall, the exercise was designed to provide an
opportunity for students to synthesize and reinforce pre-
vious training in hand hygiene indications, skills, and
knowledge.11,12

To assess progress towards the learning outcomes,
we measured the number and percentage of students
who volunteered to participate in the RFID-monitored
hand hygiene exercise, the number and percentage of
students who participated for all five consecutive days,
and the mean frequency of hand hygiene use per day.
We also analyzed factors that we hypothesized may
have affected adherence, such as distance from the
student’s seat to the station. Finally, we assessed
student self-reported changes in knowledge and

Figure 1. Sample Student Report Card.

Table 1. Demographics of the Class of 2016 at Admission
(N580)

Characteristic Students, n (%)

Male 35 (43.8)
Female 45 (56.3)
Age (y)

18-24 60 (75.0)
25-34 19 (23.8)
35-44 1 (1.3)

Race
White 58 (72.5)
Asian 5 (6.3)
African American 6 (7.6)
Asian Indian 1 (1.3)
No Response 10 (12.5)
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motivation to perform hand hygiene at the end of the
semester when the study ended. This survey was based
on our previous work in surveying students about
learning outcomes associated with educational quality
improvement.17-20

EVALUATION AND ASSESSMENT
Sixty-three students (73.2%) volunteered for the

study. Of those, 32 (50.8%) completed all five consecu-
tive days,meaning that at least once on each day theRFID
nametag assigned to them registered as the closest to the
hand hygiene station simultaneouslywith a squeeze of the
hand hygiene station. Mean frequency of hand hygiene
station use per student over the 5-day study window was
5.41 (range: 2-10). We did not find a significant differ-
ence in mean rates of adherence before and after report
cards were issued. However, the distance between the
student’s typical seat in the classroom and the dispenser
was significantly associated with hand hygiene adher-
ence. The classroom was approximately 40 feet wide by
35 feet deep and had nine rows of seats with one door at
the front and back. Mean distance from each seat to the
closest dispenserwas 21.3 feet (range: 2.5 to 42.2 feet). To
determine if frequency of use was associated with the
distance from the hand hygiene station, we used ordinary
least squares regression with frequency of use the depen-
dent variable and independent variables defined as gender
and distance between the dispenser and the seat. Distance
was inversely associatedwith adherencewith a coefficient
of -0.31 (p50.02). Specifically, for every additional foot
away from the station, the number of hand hygiene station
uses dropped by 0.31. So, for every additional three feet
from the station, the number of hand hygiene uses drop-
ped by one. Male gender was not significantly associated
with adherence (coefficient 1.83, p50.16). Because of the
limited number of RFID tags, students completed the

study in different weeks and sometimes the weekend di-
vided the week.

Of the 63 students who volunteered, 24 (38.1%)
completed the pre/post survey of motivation, attitudes,
and knowledge about hand hygiene following use of the
RFID monitoring system. We summarize our results as
dichotomous by defining a “strong positive response” as
a response of “good” or “very good” on the survey. Other-
wise, it was not a strong positive response.

Overall, the majority of respondents demonstrated
a confident positive response to the system’s effect on
their motivation to perform hand hygiene; a confident
response was considered a response of good or very
good (Table 3). Students also reported feeling that the
experience was not only beneficial to their education but
also an important part of pharmacy practice. Of the stu-
dents who completed the survey,many had hospital and/or
community pharmacy experience prior to the trial (45.8%
and 54.1%, respectively) and 62.5% had some previous
pharmacy experience (Table 4).

DISCUSSION
To the best of our knowledge, our institution is the first

to use RFID technology to support hand hygiene behaviors
amongpharmacy students. The design and implementation
was feasible and student respondents demonstrated in-
creased knowledge and motivation to perform hand hy-
giene at the completion of the study.

The2013NationalQualityStrategy to reducehospital-
acquired complications (including infections) by 40% by
the end of 2014 drew increased attention to hand hygiene
practice, yet we found little published information about
hand hygiene practice and instruction in pharmacy edu-
cation.14 The use of RFID technology is relatively new
in pharmacy education; however, it is widely used as
a method of tracking health care providers in a variety

Table 2. Cognitive Domains of Learning Objectives According to Taxonomies of Learning

Learning Objective
Cognitive Domain

in Bloom’s Taxonomy15
Cognitive Domain in
Fink’s Taxonomy16

Demonstrate successful use of an
radio frequency identification (RFID)-
enabled tag/ hand hygiene system

Application Human Dimension Application

Based on the RFID monitoring exercise,
express an improvement in knowledge
of the importance of hand hygiene to
patient health and pharmacy practice

Knowledge Foundational Knowledge Application
Human Dimension

Based on the RFID monitoring exercise,
express an improvement in motivation
to perform hand hygiene compared to
after hand hygiene instruction alone

Synthesis Integration Human Dimension
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of ways, including hand hygiene. Boudjema and col-
leagues investigated the accuracy and feasibility of hand
hygiene monitoring in patient care areas using RFID.
They determined that the use of RFID was feasible for
this purpose,with an accuracy rate of 98.1%, sensitivity of
90.6%, and specificity of 100%.4

In addition to monitoring hand hygiene, RFID was
investigated for its use onmonitoring personnel and equip-
ment in the operating roombyKranzfelder and colleagues.
Their systemwas able to determine the relative location on
all personnel in the room (in patient care zone or not), and
had between 60%-100% accuracy in determining the num-
ber of surgical sponges in use depending on their location.6

Although this may seem to have a small impact on phar-
macists directly; RFID systems may be potentially imple-
mented to determine the location of personnel (including
pharmacists) inpatient care areas to determine proximity in
the event of a medical/medication error.6

Students volunteered to participate over a consecu-
tive 5-day period, but performance varied widely andwas
generally below what we expected based on the WHO
indications and the number of class periods. We did not
account for student attendance in class, so it is possible
that some of the demonstrated nonadherence to hand hy-
giene may actually be attributable to absence from class.
The study did present a significant burden to students.
Unlike our previous work on hand hygiene and MRSA
screening, this study required students to remember their
badge daily for five consecutive days (which may have
spanned a weekend), be willing to display it, and use the
dispensers. The hand hygiene system recorded uses for
which there were no associated ID tags, suggesting that
students who forgot their tags (orwere not participating in
that study period) were performing hand hygiene.

Another potential reason for apparent nonadher-
ence may have been the lack of direct faculty oversight.

Table 3. Confident Positive Student Response about Attitudes and Motivation to perform Hand Hygiene Before and After Radio
Frequency Identification (RFID) Monitoring of Hand Hygiene Adherence

Survey Items
Baseline
n (%)

Final
n (%)

Wilcoxon
Signed-Rank
(Pr.=jSj)

The alcohol-based hand hygiene station and ID tags were helpful in
improving. . .
My ability to perform hand hygiene as indicated. 13 (54.1) 23 (95.8) p50.001
My knowledge of how to do hand hygiene. 13 (54.1) 23 (95.8) p50.001
My ability to perform hand hygiene. 13 (54.1) 23 (95.8) p50.001
My motivation to perform hand hygiene. 12 (50.0) 23 (95.8) p50.001
My awareness of the impact of hand hygiene on patient health. 13 (54.1) 23 (95.8) p50.002
My awareness of the impact of hand hygiene on the health of health care
providers.

14 (58.3) 24 (100) p50.001

My knowledge of why hand hygiene is important in pharmacy practice. 15 (62.5) 24 (100) p50.001
My ability to perform hand hygiene as indicated while working in
a pharmacy setting.

14 (58.3) 24 (100) p50.001

Mymotivation to perform hand hygiene as indicated working in a pharmacy
setting.

14 (58.3) 24 (100) p50.002

My awareness of the impact of hand hygiene in pharmacy practice on
patient health.

16 (66.6) 23 (95.8) p50.005

I feel. . .
Using a hand hygiene station with ID tracking is an important component of
pharmacy education.

16 (66.6) 21 (87.5) p50.004

It is important for pharmacy students to develop a habit of proper hand
hygiene.

20 (83.3) 22 (91.7) p50.004

Failure to perform hand hygiene as indicated is a major issue in pharmacy
practice.

21 (87.5) 22 (91.7) p50.008

Expert hand hygiene habits will help me be a better pharmacist. 17 (70.8) 22 (91.7) p50.003
Failure to perform hand hygiene as indicated is a major issue in pharmacy
practice.

17 (70.8) 22 (91.7) p50.003

Learning about radio frequency ID tags for hand hygiene will help me be
a better pharmacist.

13 (54.1) 16 (66.6) p50.008

The ID tag project provided information that I can apply in practice. 13 (54.1) 18 (75.0) p50.013
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Students mastered hand hygiene techniques in the fall
semester as part of a required course. Yet, this study took
place in the spring semester and outside of any course.
Students have only 10 minutes between classes and we
had only one station for about 70 students. Those farthest
from the station demonstrated significantly lower rates
of use, suggesting that the wait to use the machine at
entry and exit inside of 10 minutes may have been a bar-
rier to adherence.

The RFID system came with only 23 ID tags for our
63 volunteers, and so the dates of participation varied by
student. It is possible that adherence may have varied
systematically by study dates. Students were instructed
on the importance of consistently wearing their RFID
equipped name tags throughout the duration of the trial.
Also first year students may have felt uncomfortable
wearing the badges around other classes not participating

in the study. This may have caused compliance to be
lower then expected as the user could not be identified.
Finally, measured adherence was dependent on the RFID
tag being closest to the dispenser at the time of use. If
a student forgot his or her tag and used the station, then the
station would record the closest student with an RFID tag
as having used the station.

In future studies, the RFID tag could either be placed
on an objectmore consistently carried, such as cell phones
or bags, or all students could be asked to wear nametags
as a school-wide policy. Requiring students to wear ID
badges early on in the curriculumwould prepare them for
the practice experiences and employment since the ma-
jority of locations require a ID badge of some sort to be
worn at all times. Also, students may have had reserva-
tions about being passively tracked using the RFID sys-
tem. Yet, in this classroom, permanent signage notes that
audio and video recording may happen as part of the
lecture capturing system. The impact of this reservation
may have been minimized because of this constant re-
cording in the classroom.

The addition of a camera and vapor sensor may
be useful for observing WHO hand hygiene technique,
which includes covering eight surfaces in a specific order
in about 23 seconds. The addition of a camera may also
help to determine the user of the system in situations
where no signal was detected. Vapor sensors are able to
detect the vapor that is released when the gel is rubbed
in one’s hands. By determining the concentration of the
vapor, the duration and intensity of the hand rubbing can
be estimated.5

Implementation should be tested beyond the class-
room in a variety of pharmacy settings. Pharmacists and
technicians in community pharmacies often use hand-
sanitizing gel after interacting with customers. To many,
this is already incorporated in their workday. Community
pharmacists are also accustomed to passivemonitoring by
video cameras and computer systems with password ac-
cess that track pharmacy inventories and pharmacist ac-
tions. Therefore, implementation in pharmacy settings
may bemore readily accepted by pharmacists than by first
year pharmacy students. Future research may improve
upon our design by having all of the students complete
the study in the same time period and by increasing the
number of stations (and decreasing the distance to from
seat to station).

SUMMARY
Overall, the RFID-enabled hand hygiene station and

monitoring system was feasible in the classroom setting
and students reported positive effects on their motivation
to perform hand hygiene. However, because of the

Table 4. Characteristics of Survey Respondents

Question
Response
n (%) X2

Resistant infection history?
Yourself 0 (0) Not

Applicable
Family Member 5 (20.8) 8.17

Years of pharmacy experience?
None 7 (29.1) 4.17
0-1 years 4 (16.7) 10.67
1-2 years 4 (16.7) 10.67
2 or more years 9 (37.5) 1.5

Experience in nonpharmacy
health-care setting?
Yes 11 (45.8) 0.67
No 13 (54.2)

What health care setting(s) have
you shadowed, volunteered or
worked?
Hospital 11
Ambulatory care 1
Long-term Care 3
Home Care 0
Community (Retail) Pharmacy 13
Veterinary Practice 4
Community Health Center 2
Hospice 0
Doctor’s Office 2
Dentist’s Office 5

Age
18-24 20 (83.3)
25-34 4 (16.7)
35-44 0 (0.00)

Male 10 (41.6) 0.67
Female 14 (58.3)
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increased burden on students, participation was lower
then expected.
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