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Abstract

Objective: To ensure whether spaced education, which increases long-term knowledge retention, could be integrated into auditor competency
assessment.

Design: Quality improvement project.
Setting: Academic, freestanding children’s hospital.
Participants: Hand hygiene (HH) auditors.

Intervention: We enrolled trained HH auditors in an online spaced-education platform to assess mastery of knowledge, delivering 46 unique
questions at spaced intervals followed by rationale; we retired questions after 3 correct answers. An e-mailed 10-item survey gauged participant
satisfaction with the program. The Wilcoxon signed-rank test was used to compare change in median knowledge score from first to final
attempt.

Results: A total of 12,120 questions were attempted by 126 auditors, and 49 (39%) completed the entire course. Median knowledge score
increased significantly by 10.5 percentage points (IQR 4-15) between first and final attempts (P < 0.001). Thirty auditors (27%) responded to
the survey. The majority agreed the number and complexity of questions were appropriate (57% and 67%, respectively). Eighty-seven percent
reported the platform easy to navigate, and 77% agreed adequate time was provided for completion. Free-text suggestions included delivering
fewer questions at a narrower spacing interval over a shorter time frame because of competing work demands.

Conclusions: Auditor knowledge of HH indications and technique is critical to ensuring data validity. A spaced-education competency
program improved HH auditor knowledge in the short term. Completion rate was low, and some participants expressed a desire for fewer
questions over a shorter time frame. This study offers insight into ways to optimize spaced education as a potential tool for HH competency
assessment.

(Received 7 March 2024; accepted 1 June 2024; electronically published 18 September 2024)

Introduction live, interactive HH auditor refresher sessions were held to review
HH basics and the role and responsibilities of auditors and to
ensure all auditors remained competent. Although many auditors
participated, scheduling time away from primary responsibilities
to attend these sessions was challenging. We therefore sought to
simplify the process by which auditors are deemed competent
annually.

Spaced education can optimize long-term knowledge retention
by capitalizing on two concepts: the spacing effect and the testing
effect. The spacing effect involves repeated exposure to learned
material at spaced intervals over time to reinforce and consolidate
retention. Longer intervals are associated with improved retention,
but the ideal spacing depends on how long the knowledge must be
retained. Widely spaced intervals are preferred for material with
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Hand hygiene (HH) is fundamental to preventing healthcare-
associated infections.!*® Limited staffing and stretched resources
may result in Infection Prevention and Control (IPC) programs
relying on clinical or administrative personnel for auditing HH
performance. Consistent knowledge of HH indications and
techniques among auditors is paramount to ensuring data
validity.”

Historically at our institution, HH auditors were trained
directly by the IPC manager, but over time onboarding of new
auditors was de-centralized, with previously trained individuals
recruiting and training new auditors. Beginning in 2019, a series of
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initiative, we evaluated whether spaced education could be
integrated into an annual HH auditor competency assessment
and whether it was associated with increased knowledge in the
short term.

Materials and methods
Setting and participants

HH auditors at our 485-bed quaternary care freestanding
children’s hospital participated in the competency program.
These auditors represent individuals from both clinical (eg,
registered nurse, clinical assistant, and technologist) and non-
clinical backgrounds (eg, patient experience representatives and
administrative support). An infection preventionist (IP) acting as
the institutional HH coordinator, a physician Associate Hospital
Epidemiologist, and a program manager comprise the HH
program leadership. They provide initial training and oversee
the annual knowledge and skills-based competencies for all HH
auditors. Auditing is performed across all locations using a secret
shopper method, with auditors encouraged to provide real-time
feedback when lapses in performance are observed.

Spaced-education activity for HH auditors

We developed 46 unique questions based on the initial training all
HH auditors received when onboarding into the program
(Appendix 1). Questions spanned several themes: HH moments
and behaviors, HH tools, personal protective equipment (PPE),
and precautions. We used multiple choice and true/false formats
and pilot-tested questions with a subset of IPs and auditors.
Questions were subsequently refined for clarity based on feedback.
An informational e-mail was sent to introduce the new
competency activity to all HH auditors before the rollout. A
reminder e-mail was sent four months after initial rollout, and
monthly announcements of the competency expectation and
mobile app capabilities were made at auditor-attended meetings.
Utilizing a spaced-education platform (Qstream®, Burlington,
Massachusetts), starting in November 2021 three questions per
week were delivered by e-mail to auditors, with two weeks between
repeat delivery of a given question. New auditors were added on a
rolling basis as they completed their training, with the expectation
of competency completion within 12 months of enrollment for all
auditors. Participants could opt to receive more questions weekly
but were unable to change the spacing interval. Questions were
answered directly from the e-mail or through the platform’s mobile
application (app). Upon submitting a response, immediate
feedback was provided with an explanation for the correct answer
(Figure 1), with knowledge scores posted in real time on a rolling
basis within the platform. Once answered correctly three times, the
information was deemed mastered and the question retired;
otherwise, five total attempts were allotted prior to question
removal. To allow newly trained auditors sufficient time to
complete the competency, the platform remained available
through October 2023. Each auditor worked through one cycle
of the platform, with some participating to completion and others
not completing the competency. Median initial and final attempt
scores for each question were calculated. The proportion of
questions answered correctly by a participant at first, and last
attempts were provided to each individual. To add an element of
competition, the platform displayed a running leaderboard of
participant scores.
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After completion of the spaced-education activity window, a
10-item anonymous survey consisting of 9 Likert-scale questions
and one free-text comment was e-mailed to gauge participant
satisfaction with the competency program (Appendix 2).!”

Data analysis

Data analysis was performed upon closure of the platform and
availability of survey responses. The Wilcoxon signed-rank test
was used to assess for a significant change in median knowledge
score from first to final attempt. A univariate linear regression
model was created to evaluate whether change in score was
associated with score at first attempt, to decide whether adjustment
for baseline score was indicated. Frequencies and percentages were
used to summarize Likert scale survey responses, and free-text
comments were reviewed for additional suggestions.

Ethical considerations

As this project was a QI initiative to optimize our HH auditing
program, Institutional Review Board review was not required at
our institution.

Results

We enrolled 126 HH auditors in the online spaced-education
course. By role, auditors were registered nurses (74%), admin-
istrative support personnel (7%), technicians (6%), occupational or
physical therapists (5%), clinical assistants (4%), patient experience
representatives and educators (3%), and a perfusionist (1%). A
total of 12,120 questions were attempted. All 126 auditors
attempted at least one question; the median number of unique
questions attempted was 46 (IQR, 25-46), and 49 auditors (39%)
completed the entire course (ie, they retired all 46 questions by
correctly answering each one 3 times). Among those who
completed the course, 39 (80%) were registered nurses, 3 (6%)
were clinical assistants, 2 (6%) were administrative support
personnel, 2 (6%) were physical therapists, 2 (6%) were
technicians, and 1 (2%) was a patient experience representative.
A minority (10%) of auditors utilized the platform’s mobile app;
the remainder logged into the online platform.

The proportion of questions answered correctly by auditors
within each theme improved from initial to final attempt
(Figure 2), with the greatest difference in scores for questions
related to HH tools (68% vs. 86%, respectively). The median
knowledge score among all participants increased significantly by
10.5 percentage points between initial and final attempts
(P <0.001). Scores of four participants (3%) decreased from first
to last attempt. Thirty auditors (27%) responded to the survey.
Most respondents agreed the number and complexity of questions
were appropriate (57% and 67%, respectively). Twenty-six (87%)
reported the platform was easy to navigate, and 23 (77%) agreed
adequate time was allotted for completion. Nineteen of 30
participants (63%) reported the course content was relevant to
the auditor role, and the spaced-education model worked well.
Seventy-three percent (22/30) agreed immediate feedback that
included the rationale for the correct answer was helpful. A
minority (30%) found the individual competition to be enjoyable.

Eleven respondents submitted free-text comments addressing
the time and effort required to complete the competency; 9 (82%)
reported challenges associated with competing priorities in busy
clinical settings. One auditor wrote: “I found it a challenge often to
get to see [the online platform] while working in a busy
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Question: Which of the following should be avoided due to increased likelihood of hand

colonization with healthcare-associated pathogens? (select best answer)

Key Choices

X Wearing jewelry I

X Artificial nail enhancements
X Neither option is correct :

Vv Both options are correct

Responses

Explanation: Wearing jewelry or having artificial nail enhancements impede your ability

to perform adequate hand hygiene. The area under the nail contains the highest

microbial count on the hand, and several studies have demonstrated artificial nails can

contribute to healthcare-associated infections and outbreaks.

HH Moments & Behaviors
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Initial proportion correct

clinic. .. often would try to set aside . . . uninterrupted time to read
and focus without phone calls or other staff interruptions.” Several
respondents recommended fewer questions at a narrower spacing
interval over a shorter time frame, noting it was “[t]oo long before
more questions were given,” and “I also missed many weeks as
these emails frequently dropped off my radar amongst the many
other emails I'd sort through each shift.”

Five individuals expressed a preference for an annual
computer-based module instead of a spaced-education course.

Discussion

Providing a standardized approach to HH auditing serves to
minimize over- or underestimating reliability to optimal practice.
Variability in the training IPC professionals receive for HH has been
described, and the issue is likely compounded when roles outside the
discipline are tasked with auditing HH reliability.® Although spaced
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Figure 1. Sample question and explanation. “X”
indicates an incorrect response, and a checkmark
indicates the correct answer.

80% 100%

Figure 2. Knowledge scores. HH, hand hygiene; PPE,
personal protective equipment.

education has been used in the healthcare setting across a variety of
topics, to our knowledge, there are no published studies applying
this approach to evaluating HH knowledge as a component of
auditor competency.>*!1-1618 Qur spaced-education course was
associated with a significant increase in auditor knowledge over a 24-
month period. Feedback received from auditors via survey was
favorable overall; most participants endorsed the platform worked
well, was easy to navigate, and provided an appropriate number and
complexity of relevant questions, with helpful, real-time feedback on
responses. Insightful, constructive feedback was also provided by a
small number of individuals to improve or change the experience,
notably with requests to make the competency less burdensome and
more optimal for their workflow. Suggestions included delivering
fewer total questions and reducing the spacing interval to allow for
an overall shorter window of time for competency completion, or
abandoning the spaced-education model in favor of an annual
computer-based module.
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Although most auditors endorsed ease of use of the platform,
completion rate was low. Though the program was designed to
allow sufficient time for auditors to complete it annually, the large
number of questions, a noted dissatisfier, and number of correct
responses needed to retire each question were potential challenges
to completion. Picking a subset of questions on common themes
important for HH auditor knowledge could decrease overall time
and effort without sacrificing content needed to maintain
competency. Additionally, defining two correct responses as
mastery of a question and reducing the interval between delivered
questions would allow completion of the program more
expediently.

Our participants relied heavily on answering questions via
e-mail, requiring a computer if auditors did not have access to their
inbox on a mobile device. Given low usage of the platform’s app by
our participants, we recommend groups interested in this
educational approach highlight the time saved through using the
app. Developing a short “how to” for auditors may elicit a higher
participation and completion rate.

Benefits of this approach compared with our prior auditor
competency assessment strategy include not needing to coordinate
schedules or repeatedly secure space for in-person sessions.
Participants receive standardized content and immediate feedback
on responses. Additionally, with successes demonstrated in
simulation-based training for IPC, we embedded recorded
scenarios from the perspective of an auditor within the
competency, testing participant ability to identify HH moments
correctly.® The online platform reduces the time our HH program
leadership must commit annually for auditor competency assess-
ment. The platform provides exportable documentation of
participation to efficiently review and check off individuals as
competent and to identify opportunities for improvement. One
potential downside to this approach is the resources and
infrastructure to access and maintain the technology, which may
limit feasibility for some HH programs.

Though feedback was overall favorable, notable limitations to
this intervention include low completion rates for both the entire
competency and the satisfaction survey. Although the course was
introduced after the peak of the COVID-19 pandemic, staff
shortages, high turnover, and healthcare worker burnout may have
affected both the bandwidth and motivation of auditors to
participate in the active engagement required for this type of
learning activity. We did not have data from a control group of
auditors to compare the increase in knowledge observed after our
intervention with other potential modes of auditor training.
Additionally, as the survey was anonymous, we could not evaluate
how much of the education program the respondents completed.
Generalizability of our experience may also be limited outside of
pediatric academic settings, in institutions without access to a
spaced-education platform, and where auditing is performed by
disciplines other than registered nurses, the predominant role
among our HH auditors.

Despite survey results supporting use of the platform,
subsequent meetings and informal feedback demonstrated most
auditors preferred to demonstrate their knowledge competency
once annually. Although we have not ruled out re-introducing a
modified spaced-education in the future that addresses the survey
responses, our HH program is now embarking on a third iteration
of auditor competency assessment consisting of an annual
computer-based module with 20 multiple choice and true/false
questions. As recurring enterprise mandatory education is
delivered on this platform, the auditors will be able to demonstrate
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their competency in a familiar manner and can complete this
competency in a single session. As this approach may result in less
long-term retention of knowledge compared with spaced
education, we will continue to consider how to assess and optimize
HH education going forward.

A spaced-education competency program improved HH
auditor knowledge in the short term. Despite low completion
rates, participants provided an overall favorable review of the
format, though some expressed a desire for fewer questions over a
shorter time frame. Further research should focus on how best to
balance minimizing effort and disruption for participants while
maximizing long-term retention of knowledge, as well as directly
measuring the impact of this approach on auditor accuracy. Spaced
education is an evidence-based teaching method that is currently
underutilized in infection prevention and control, and our study
offers insight into ways to optimize this learning approach as a
potential tool for HH competency assessment.

Supplementary material. The supplementary material for this article can be
found at https://doi.org/10.1017/ice.2024.115.
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