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Abstract
Background: Patients and caregivers need to perform ventricular assist device (VAD) self-care safely
to help prevent complications (e.g., infection). We developed a VAD self-care simulation-based
mastery learning (SBML) curriculum. We determined optimal minimum passing scores (MPSs) and eval-
uated effects of judge selection.
Methods: A multidisciplinary team created a VAD self-care SBML curriculum including simulated skills
and knowledge examinations. Patients, caregivers, VAD coordinators, and physicians were expert
judges who determined MPSs using the Mastery Angoff method.
Results: MPSs for the skills and knowledge examinations were high (range ¼ 94%-99% and 97% cor-
rect, respectively). Judges closely agreed on MPSs.
Conclusions: Stakeholders set stringent MPSs for high-stakes VAD self-care.
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Patients and their caregivers are often required to possess
disease- and treatment-specific knowledge and skills to
provide self-care to complete their healing process,
improve outcomes, and remain healthy. For example,
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Standard Setting for a Self-Care Curriculum 40
patients or their caregiver may need to perform wound or
central line dressing changes, administer home intravenous
antibiotics or total parenteral nutrition, perform peritoneal
dialysis, or care for a ventricular assist device (VAD).
VADs are mechanical heart pumps that are implanted into a
Key Points
� We developed a ven-
tricular assist device
self-care simulation-
based mastery
learning curriculum
for patients and
caregivers.

� A multidisciplinary
team of patients, care-
givers, nurses,
advanced practice
providers, and physi-
cians largely agreed
on the minimum pass-
ing standards set us-
ing the Mastery
Angoff method.

� The Mastery Angoff
method is ideal for
setting standards
because of the agree-
ment between judges
on what constitutes a
‘‘well-prepared’’
learner who can
perform high-stakes
patient care tasks
safely and
independently.
patient’s left and/or right
ventricle. An electrical
cord (driveline) exits from
the pump through the
abdomen and is attached to
a small computerized
controller (that controls the
actions of the pump), which
is connected to a power
source (i.e., batteries or AC
power; Figure 1). VAD self-
care, in particular, requires a
high level of knowledge and
meticulous skill perfor-
mance by patients and care-
givers. Adverse events
related to VADs include
driveline infections (1.31
per 100 patient months dur-
ing the first 3 months after
implant placement) and
strokes that lead to a high
readmission rate (O’Horo
et al., 2018; Kirklin et al.,
2017). The overall mortality
of patients with a VAD is
82% at one year (Kirklin
et al., 2017). Patients and
their caregivers must be able
to change the dressing at the
driveline exit site using a ster-
ile technique, change the
controller if it malfunctions,
change power sources (e.g.,
changing from batteries to wall power and back and charging
and changing batteries), learn new medications, troubleshoot
controller alarms, and, overall, adjust to a new daily lifestyle
to help prevent these adverse events (Goldstein et al., 2012;
Kirklin et al., 2017; Yarboro et al., 2014).

Traditionally, this information and skill set is taught by
nurses or advanced practice providers during a patient’s
admission for VAD implant surgery. However, this training
may be hurried and sporadic due to time and availability
constraints of both trainees (patient and caregiver) and
trainers. Furthermore, information and skills learned are not
standardized across institutions, and rigorous measurement
of patient and caregiver knowledge and skill is usually not
performed. Therefore, when a patient is discharged from
the hospital, it is largely unknown whether the patient and
caregiver have acquired the appropriate knowledge and
skills for a safe transition home.
A recent article in the Journal of the American Medical
Association called for the use of simulation in patient self-
management training, noting that simulation involves
‘‘learning by doing through practice, rehearsal, and role
playing’’ (Coleman, 2014). Despite this clear preference
for simulation-based education, we found only two articles
using simulation to train chronically ill patients/caregivers
in self-care skills. In the first study, caregivers reported be-
ing more confident after they were trained to perform home
ventilator tasks using simulators (Tofil et al., 2013). In the
second study, patients about to undergo coronary artery
bypass surgery received either a simulation-based educa-
tional intervention or usual education about what to expect
postoperatively (Haupt & Beauvais, 2014). Patients who
completed simulation-based education had greater knowl-
edge and lower anxiety than patients who received usual
care.

Simulation-based mastery learning (SBML) is an educa-
tional model that uses deliberate practice with simulators to
train health care providers to a high standard and improve
patient safety outcomes (Barsuk, Cohen, Feinglass,
McGaghie, & Wayne, 2009, 2013; Barsuk et al., 2018b;
Barsuk, McGaghie, Cohen, O’Leary, & Wayne, 2009;
Schwab, Teitelbaum, Barsuk, Soper, & Hungness, 2018).
In SBML, all trainees must meet or exceed a minimum
passing score (MPS) before completion of training. Those
who do not meet this standard participate in further delib-
erate practice and retesting until they meet the MPS. In a
meta-analysis of 82 studies, educational outcomes from
simulation with mastery learning were superior to those
from nonmastery simulation training (Cook, Brydges,
Zendejas, Hamstra, & Hatala, 2013). SBML has been
used to train nurses, medical students, residents, fellows,
and attending physicians (Barsuk, Ahya, Cohen,
McGaghie, & Wayne, 2009; Barsuk et al., 2015; Barsuk
et al., 2016; Barsuk et al., 2012b; Butter, McGaghie,
Cohen, Kaye, & Wayne, 2010). However, SBML has never
been used to train patients or caregivers despite a wide
body of literature on the benefits of SBML on health care
professional practice and patient outcomes.

Setting an MPS is a critical component of creating an
SBML curriculum (Downing, Tekian, & Yudkowsky, 2006;
Yudkowsky, Park, Lineberry, Knox, & Ritter, 2015). Tradi-
tionally, the average of the Angoff and Hofstee standard
setting methods have been used to set MPSs for SBML
(Barsuk et al., 2012a; Barsuk et al., 2012b; Barsuk,
McGaghie, et al., 2009; Wayne, Barsuk, O’Leary, Fudala,
& McGaghie, 2008; Wayne et al., 2006). In the Angoff
method, expert judges are asked to review each test item
and estimate the percentage of borderline or minimally
competent trainees (i.e., one who has a 50-50 chance of
success) who would perform each item correctly after
training. The Hofstee method is whole-test based and
asks judges about the minimum and maximum acceptable
passing scores and failure rates. However, these methods
may not be appropriate when patient safety is a major
pp 39-51 � Clinical Simulation in Nursing � Volume 27
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Figure 1 Food and Drug Administrationeapproved ventricular assist devices (VADs). (A) HeartWare� VAD reproduced with permis-
sion of Medtronic from https://www.heartware.com/resources. (B) HeartMate II� VAD reproduced with permission of Abbott Vascular
from http://www.thoratec.com/about-us/media-room/library.aspx.
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Standard Setting for a Self-Care Curriculum 41
concern. Recent studies argue that in a mastery learning
environment, judges should not be asked about ‘‘border-
line’’ trainees but instead should consider the performance
of a trainee who is well prepared to perform care safely and
independently (Barsuk, Cohen, Wayne, McGaghie, &
Yudkowsky, 2018; Yudkowsky et al., 2015; Yudkowsky,
Tumuluru, Casey, Herlich, & Ledonne, 2014). Therefore,
the Mastery Angoff method was developed, in which
judges rate each test item based on the percentage of
Figure 2 Wearable ventricular assist device (VAD) simulator
with connected HeartWare� VAD.
‘‘well-prepared’’ (i.e., one who can perform the task inde-
pendently and safely) trainees who would perform each
item correctly after training.

Although patients and caregivers are important partners
in patient care, SBML has not been used to either teach or
boost skills among patients or caregivers, and the use of
patients or caregivers as expert judges has only been
mentioned on a limited basis in the medical literature
(Wayne, Cohen, Makoul, & McGaghie, 2008). Therefore,
given the critical nature of adherence to a VAD care
regimen after discharge from the hospital, we developed
and tested an SBML intervention to improve VAD self-
care. In this manuscript, we describe the development of
a VAD self-care SBML curriculum for patients and care-
givers; set MPSs needed for SBML using the Mastery Ang-
off technique including patients, caregivers, VAD
coordinators (nurses and advanced practice providers),
and physicians as expert judges; and evaluate and compare
the stringency of MPSs set by each group of expert judges.
Methods

We created a VAD self-care SBML curriculum at North-
western Memorial Hospital (NMH), a tertiary care aca-
demic medical center in downtown Chicago, Illinois, US.
Advanced heart failure care providers at NMH implant
approximately 60 VADs and care for about 140 patients
with VADs annually. Curriculum development and standard
setting exercises engaged groups of VAD patients and
caregivers, VAD coordinators, and physicians. We
compared standard setting results between groups. The
Northwestern University Institutional Review Board
approved this study (STU00203567 and STU00203530),
and all participants provided written informed consent.
pp 39-51 � Clinical Simulation in Nursing � Volume 27
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Standard Setting for a Self-Care Curriculum 42
Curriculum Development

We created a VAD self-care SBML curriculum for two
Food and Drug Administration-approved VADs, Heart-
Mate� and HeartWare�, using the Kern and Thomas
framework (Thomas, Kern, Hughes, & Chen, 2016) which
describes a method for developing medical educational
curricula. We conducted 46 semi-structured interviews
with 16 patients, 12 caregivers, seven VAD coordinators,
and 11 physicians to identify important factors in VAD
self-care. Factors identified for inclusion in the curriculum
are as follows: (a) critical learning content (e.g., dressing
and controller changes, power source changes, medications,
and controller alarms) and (b) training modalities such as
wearable simulators, educational videos, reminder cards
(e.g., depictions of known controller alarms and brief de-
scriptions of what the alarms mean and what to do in an
emergency), and refresher training sessions. We created
simulated skills assessments for dressing, controller, and
power source changes, whereas written examinations
were created to assess knowledge about topics such as med-
ications, controller alarms, and what to do in emergencies.

The objective of our mastery learning curriculum was
that all patients and caregivers would meet or exceed the
MPSs on the simulated skills and written examinations
before completing the training. We created educational
videos for dressing and controller changes. We did not
create a video on changing power sources because in-
terviewees stated that this task was straightforward.
Reminder cards were created to help reinforce knowledge
of controller alarms and VAD-related items needed for
travel, as well as important phone numbers and what to do
in an emergency. We created assessment checklists for each
of dressing, controller, and power source changes for
scoring pre- and post-skills examinations. The checklists
included dichotomous scoring, in which raters select one
option if a skill was performed correctly or the second
option if the skill was performed incorrectly or not
performed. These assessments were developed using the
checklist development guidelines of Stufflebeam
(Stufflebeam, 2000), as well as NMH policies, manufac-
turers’ published instructions for use, and relevant litera-
ture (Menon et al., 2015; Pereda & Conte, 2011). Six
VAD coordinators, an advanced heart failure physician,
and an expert in checklist design reviewed the checklists.
Final versions were created using the modified Delphi
method. Therefore, there were three checklists to assess
skills for the HeartMate� device and three checklists for
the HeartWare� device. Dressing change skills assess-
ments were identical for both HeartMate� and Heart-
Ware�. However, controller change and power
source change assessments were unique to each device to
reflect their unique characteristics. The checklists for the
HeartMate� and HeartWare� devices can be found in
the Appendix.
We also developed two unique posttraining written
examinations (HeartMate� and HeartWare�) with key
knowledge components including medication management,
controller alarms, and what to do in an emergency. The
posttraining written examinations were adapted from the
manufacturers’ published examination materials which can
be found on their respective websites (HeartWare, 2012;
Thoratec, n.d.). The written examinations were amended
to include more questions on medication management.
All examination questions were written in a language at
an eighth-grade reading level (Paniagua & Swygert,
2016). Six VAD coordinators, an advanced heart failure
physician, an expert in written examination design, and
an expert in communication skills created and reviewed
the written examinations. Final versions were created using
the modified Delphi method. The written examinations
include multiple choice, fill in the blank, true or false,
and matching questions and are administered as an ‘‘open
book’’ examination.

The first component of the VAD self-care SBML
curriculum is a simulation-based pretest on the three self-
management skills assessed using the developed checklists
for dressing changes (caregiver only), controller changes,
and power source changes. At the beginning of training and
before pretesting, the instructor reads a ‘‘briefing’’ to
patients and caregivers. The briefing explains the intent to
create a safe learning environment to maximize education
outcomes. The briefing also orients patients and caregivers
to equipment including the simulator. Instructors provide
debriefing and feedback to all learners immediately after
pretesting using the methods described by Rudolph
(Rudolph, Simon, Rivard, Dufresne, & Raemer, 2007). Af-
ter completion of pretesting, patients and caregivers watch
the dressing and controller change videos. A trained
instructor reviews medications, controller alarm functions,
and what to do in emergency situations with learners. Pa-
tients and caregivers also complete deliberate practice (re-
petitive, focused skills practice with expert feedback) of
dressing, controller, and power source changes using a
simulator (Ericsson, 2015, 2016). The total time needed
for deliberate practice is determined by both the instructor
and patient or caregiver, based on progress, but each skill
needs to be fully practiced at least three times. After 2 to
3 hours of deliberate practice and education, participants
complete skills posttests and the written knowledge exam-
ination. An instructor again reads a briefing to patients and
caregivers before completing posttests, and debriefing with
feedback is performed after testing.

Patients and their caregivers use a wearable simulator
(Figure 2) made for this study by Simulab Co, Seattle, WA,
for all skills testing and training sessions. Patients and care-
givers are trained together when possible. Training may
occur separately due to patients’ clinical status and need
for testing. All training and testing sessions are standard-
ized and performed by two VAD coordinators (R.H. and
pp 39-51 � Clinical Simulation in Nursing � Volume 27



Table 1 Demographics of Patients and Caregivers Who Participated in the HeartMate� and HeartWare� Standard Setting Exercises

Characteristic

HeartMate� HeartWareTM

Patients (n ¼ 6) Caregivers (n ¼ 6) Patients (n ¼ 6) Caregivers (n ¼ 6)

Age, mean (standard deviation) 63.5 (15.3) 61.5 (11.9) 47.8 (19.4) 62.2 (13.1)
Male, no. (%) 5 (83) 6 (100) 6 (100) 1 (17)
Race, no. (%)
African-American 2 (33) 2 (33) 3 (50) 3 (50)
Caucasian 4 (67) 4 (67) 3 (50) 3 (50)

Married, no. (%) 5 (83) 5 (83) 4 (67) 6 (100)
Education (highest degree), no. (%)
High school graduate 3 (50) 2 (33) 1 (17) 1 (17)
Technical school, some college,
or associate’s degree

2 (33) 2 (33) 4 (67) 2 (33)

Bachelor’s degree 0 1 (17) 1 (17) 1 (17)
Postgraduate degree 0 1 (17) 0 1 (17)
Unknown 1 (17) 0 0 1 (17)

Employment Status, no. (%)
Not employed 6 (100) 3 (50) 5 (83) 3 (50)
Part-time employment 0 2 (33) 1 (17) 2 (33)
Full-time employment 0 1 (17) 0 1 (17)

Standard Setting for a Self-Care Curriculum 43
K.S.) who were trained in debriefing and calibrated as
raters. These coordinators use the same simulator and sup-
plies for all sessions that occur either at the patient’s
bedside or in a nearby conference room.

In the mastery model, participants must meet or exceed
the predetermined MPS on each skill assessment and
written examination. Participants who do not meet or
exceed the MPS complete additional deliberate practice
of the simulated skill and retest until the MPS is achieved.
Reassessment or retraining is a Joint Commission require-
ment for VAD self-care tasks within the year after
Table 2 Demographics of Ventricular Assist Device (VAD) Coordinato
and HeartWare� Standard Setting Exercises

Characteristic VAD Coordi

Age (years), mean (SD) 35.7 (7.3)
Male, no. (%) 0
Race, no. (%)
Asian 1 (17)
Caucasian 5 (83)

Education (highest degree), no. (%)
BSN 1 (17)
RN 1 (17)
MSN 2 (35)
MSPA 2 (35)
MD

Years in practice, mean (SD)
[minimum, maximum]

6.9 (4.0) [3

Years of VAD experience, mean (SD)
[minimum, maximum]

3.4 (1.9) [1

Note. BSN ¼ Bachelor of Science in Nursing; MD ¼ Medical Doctor; MSN ¼ Mast

RN ¼ Registered Nurse; SD ¼ standard deviation.
implantation (The Joint Commission, 2018). To comply
with this requirement, the three skills, dressing, controller,
and power source changes, are reassessed at one and three
months after initial posttest, and retraining occurs if
learners are unable to meet or exceed the MPSs.

Measurement

An expert panel of 36 judges including 12 VAD patients, 12
caregivers, six VAD coordinators, and six physicians
reviewed the skills checklists and written examinations
rs and Attending Physicians Who Participated in the HeartMate�

nators, n ¼ 6 Attending Physicians, n ¼ 6

44.0 (9.7)
4 (67)

0
6 (100)

6 (100)
, 14.5] 10.8 (10.5) [2, 26]

,4] 10.5 (8.5) [3, 21]

er of Science in Nursing; MSPA ¼ Master of Science, Physician Assistant;
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Standard Setting for a Self-Care Curriculum 44
and used the Mastery Angoff standard setting method to set
MPSs. Patients and caregivers were divided into equal
groups for each of the VADs (i.e., HeartMate� or Heart-
Ware�), depending on which VAD the patient received at
implant. VAD coordinators and physicians served as expert
judges for both VAD types due to their clinical expertise
caring for each device. In addition, the six VAD co-
ordinators and six physicians who served as expert judges
also participated in the semistructured interviews. However,
the patient and caregiver judges consisted of a new cohort
who did not participate in the interviews. We collected
demographic and clinical information about the judges,
including education for patients and caregivers and clinical
experience and training for physicians and nurses. Expert
judges were trained immediately before the standard setting
sessions using the methods described by Norcini and Guille
(Kane, 1994; Norcini & Guille, 2002). This training
involved the following components: (a) defining the quali-
ties of the assessments and who are the examinees; (b)
educating the judges about the consequences of their deci-
sions in terms of patient safety; (c) discussing the purpose
of the skills and written evaluations and what represents
appropriate performance; (d) defining the learner well pre-
pared to succeed; and (e) group practice, feedback, and dis-
cussion. An author (J.H.B.) who created the checklists and
written examinations and with extensive expertise in
standard setting exercises led the sessions. We held a total
of 14 standard setting sessions: (a) one for each patient and
caregiver pair (total 12), (b) one for VAD coordinators, and
(c) one for physicians. Groups discussed the first three
assessment items on the dressing change checklist, and a
further collaborative discussion was held as needed during
the remainder of the standard setting sessions. We
compared and contrasted responses from patients, care-
givers, VAD coordinators, and physicians.
Table 3 Mean (SD) Minimum Passing Scores (MPSs) and Intraclass C
tricular Assist Device (VAD) Coordinators, and Physicians, as well as Fin
Examinations

Clinical Skills Examination
Patients,
n ¼ 6

Caregivers,
n ¼ 6

V
n

HeartMateTM

Dressing change (32 items) 93.4% (7.5%) 91.7% (7.5%) 9
Controller change (12 items) 94.7% (7.0%) 96.3% (4.1%) 9
Battery and power source
changes (13 items)

98.6% (1.6%) 98.2% (2.6%) 9

Written examination (54 items) 97.9% (1.9%) 95.2% (6.4%) 9
HeartWareTM

Dressing change (32 items) 92.2% (3.5%) 95.0% (4.6%) 9
Controller change (14 items) 90.1% (6.1%) 94.9% (6.2%) 9
Battery and power source
changes (9 items)

94.3% (3.9%) 94.4% (7.2%) 9

Written examination (35 items) 95.1% (1.9%) 95.5% (2.0%) 9

Note. ICC ¼ intraclass correlation coefficient; SD ¼ standard deviation.
Analysis

We created a final MPS by averaging scores from all the
judges for each skills assessment and written examination
as required by the Mastery Angoff technique. We used the
intraclass correlation coefficient (ICC) to measure interrater
agreement between judges for each of the three skills
examinations and written examinations and overall items
on all four tests combined. Statistical analyses were
performed using SPSS version 25.0 (IBM Corp., Armonk,
NY).
Results

Demographic and clinical information for the 36 expert
judges can be found in Tables 1 and 2. When averaged
across groups, the MPSs for the skills examinations ranged
from 94% to 99% items correct, whereas those for the
written examinations were 97% for each of the Food and
Drug Administration-approved VADs (Table 3). These
rigorous standards allowed patients and caregivers to
miss no more than two of 32 items on the dressing
change skills checklist, 0 of 12 items on the controller
change skills checklist, 0 of 12 items on the power source
change checklist, and 1 of 54 items on the written exami-
nation for the HeartMate� device. MPSs for the Heart-
Ware� device were similar because examinees could
miss no more than one of 32 items on the dressing
change skills checklist, 0 of 12 items on the controller
change skills checklist, 0 of nine items on the power
source change checklist, and one of 35 items on the writ-
ten examination.

The variation in individuals’ MPSs set for all assess-
ments within each judge group ranged from 79% to 100%
orrelation Coefficient Comparisons for Patients, Caregivers, Ven-
al MPSs, for the HeartMate� and HeartWare� Skills and Written

AD Coordinators,
¼ 6

Physicians,
n ¼ 6 ICC Overall ICC Final MPS

0.80

3.3% (5.6%) 96.1% (3.1%) 0.68 93.6%
7.5% (2.1%) 99.6% (0.6%) 0.27 97.0%
9.4% (0.9%) 99.7% (0.4%) 0.35 99.0%

7.0% (1.3%) 96.9% (2.2%) 0.62 96.8%

0.74

3.3% (5.6%) 96.1% (3.1%) 0.71 94.1%
8.2% (2.0%) 99.9% (0.1%) 0.48 95.8%
9.3% (1.8%) 100% (0%) 0.47 97.0%

8.2% (1.3%) 96.6% (2.2%) 0.82 96.5%
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Standard Setting for a Self-Care Curriculum 45
for patients, 79% to 100% for caregivers, 88% to 100% for
VAD coordinators, and 91% to 100% for physicians.
Intraclass correlations between patient, caregivers, VAD
coordinators, and physicians were high overall for Heart-
Mate� and HeartWare� (0.80 and 0.74, respectively).
However, lower interrater reliability was observed for the
controller change and battery and power source change
skills checklists (Table 3).
Discussion

We designed a rigorous VAD self-care SBML curriculum
for patients and caregivers. The curriculum features edu-
cation best practices such as deliberate practice with
feedback, use of a defensible MPS, and opportunities for
additional practice until the MPS is reached (Cook, et al.,
2013). We then used panels of patients, caregivers, VAD
coordinators, and physicians, as well as the Mastery Angoff
approach, to set minimum standards for patients’ and care-
givers’ VAD self-care skills and knowledge. Finally, once
the panels’ judgments were assessed, we compared and
contrasted each group’s MPSs and demonstrated that they
were similar for each of the clinical skills.

This study adds to the SBML literature in several ways.
First, to our knowledge, this is the first SBML curriculum
for patients and/or caregivers. Second, we demonstrated
that the Mastery Angoff standard setting method can be
performed using patients and caregivers, as well as
clinicians, and that this method results in uniformly high
MPSs across different judge groups. Finally, we demon-
strated that patients and caregivers set the same high
standards for themselves as health care providers. Using
patients and caregivers to help develop the curriculum and
set standards is extremely important because it promotes
patient-centered care.

Our study takes the use of simulation to train patients
and caregivers one step further by using the mastery model,
which ensures a high level of competency before comple-
tion of training. SBML has been shown to improve patient
care and outcomes for skills performed by health care
providers (Barsuk, et al., 2009b,c,d; Barsuk, Cohen,
Feinglass, McGaghie, & Wayne, 2013; Barsuk, et al.,
2018b; Schwab et al., 2018; Zendejas et al., 2011). Howev-
er, SBML has never been used to train patients or care-
givers. In fact, little is known about the use of
simulation-based education as a modality to improve the
skills of patients and caregivers. Therefore, we believe
that the next step for simulation educators and practitioners
is to consider training patients and their caregivers in addi-
tional self-care skills and to document competency among
patients and caregivers. Based on prior work, we believe
that our SBML training model will improve both education
and clinical outcomes. Specifically, we hope VAD self-care
SBML will reduce outcomes such as driveline-related in-
fections and hospital readmissions. Further study is needed
to evaluate the impact of the VAD self-care SBML curric-
ulum on learning and health care-related outcomes for pa-
tients and their caregivers.

In our study, standard setting exercises were performed
by a multidisciplinary team. A multidisciplinary team was
previously used to set standards for resident physicians’
communication skills (Wayne et al., 2008b). In the earlier
study, judges consisted of patients, communication experts,
residency and fellowship program directors, and postgrad-
uate medical trainees. Patients and communication experts
set more stringent standards than program directors and
trainees. This difference may have been due to the nature
of the traditional Angoff method that asks judges to
consider performance of ‘‘borderline’’ examinees and is
subject to individual interpretation. However, the Mastery
Angoff method considers the ‘‘well-prepared’’ learner
who can perform tasks or demonstrate knowledge that is
safe for patient care. In our study, patients, caregivers,
VAD coordinators, and physicians largely agreed on the
standards set using the Mastery Angoff technique despite
wide variation in background and experience. We believe
this agreement occurred because perceptions of patient
safety and high skill performance are similar among pa-
tients, caregivers, and health care providers. Our findings
support other published research showing that the Mastery
Angoff technique is feasible and easy to use in a variety of
settings. (Prenner et al., 2018; Barsuk et al., 2018a).

The final MPSs set by the judges in our study were very
high, requiring almost perfect performance. This standard
suggests that all judges recognized the critical nature of the
examinations because patients can suffer severe morbidity
and mortality if VAD self-care tasks are performed
incorrectly. Although some of the patient and caregiver
MPSs were lower than VAD coordinators and physicians,
the differences only represented up to one additional item
on the assessments. There was also moderate variation
between individuals’ MPSs within judge groups. The
Mastery Angoff requires using an overall average of all
judges’ scores to account for variations. Despite universally
high standards, we found less interrater agreement for
controller and battery and power source changes than
dressing changes and the written examination. This differ-
ence likely resulted from the small number of test items on
each of these checklists. In practice, the identified differ-
ences between groups were few and only resulted in a small
change in the number of test items that could be missed
(one item) while still achieving the MPSs.

Our study has some limitations. First, it was performed
with a relatively small number of judges at a single medical
center. Second, the curriculum is particular to VADs, and
no data are available about other patient education tasks.
Third, some of our checklists had a low number of items
with small variation between judges, which made ICCs less
reliable. However, the overall ICCs between judges were
very good, indicating a strong level of agreement for the
standards set across all test items.
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Conclusions

We created the first patient-centered SBML curriculum
using feedback from a multidisciplinary panel of patients,
caregivers, and clinicians. MPSs set using the Mastery
Angoff technique by patients, caregivers, VAD coordina-
tors, and physicians were similar across groups. Our
findings demonstrate that patients and caregivers, as well
as clinicians, recognize the need for excellence in perfor-
mance of high-stakes self-care skills. Future studies will
compare educational and health care outcomes in patients
and caregivers randomized to our SMBL curriculum versus
usual care. This innovative curriculum has the potential to
not only improve patient and caregiver self-confidence and
skills but also help to prevent serious adverse events.
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Appendix

72 Hour Dressing Change for HeartMate� and HeartWare�

Copyright� 2017 by Northwestern University. All Rights Reserved.
Rater__________________ Study ID__________
Date___________________
Circle One:

Key: A ¼ Done Correctly B ¼ Done Incorrectly/Not Done.

Pretest simulator Posttest simulator 1 month Follow-up 3 month Follow-up Retest

Checklist Skill Item

1. Have patient lie down and remove their shirt. May ask: ‘‘how you want to position the patient?’’ A B
2. Use an antibacterial wipe to clean off the surface that is being used for set up. A B
3. Wash your hands for 30 seconds with soap and water using antibacterial soap (removing jewels). May ask: ‘‘Does your ring
come off?’’

A B

4. Dries hands with a clean towel. A B
5. Properly opens the dressing change kit. A B
6. Takes out the sterile white sheet and places on surface for disposal pile. A B
7. Ensures everyone in the room has on a mask and places it on patient and self. (This must occur before the old dressing is
removed.)

A B

8. Puts on the gloves. A B
9. Checks the skin anchor. Must demonstrate knowledge that it needs to be changed every seven days or if it does not look
proper/on the patient. May ask: ‘‘what determines when the skin anchor needs to be changed?’’

A B

10. Removes the driveline from the tabs of the skin anchor and peels off the anchor. A B
11. Removes the pair of pants (small dressing). A B
12. Peels up the white part of the large dressing holding onto the driveline and pulling towards the driveline exit site. A B
13. Uses the alcohol prep pads in the kit to help remove extra material. If no extra material on patient can ask ‘‘how would you
remove extra material (adhesive) from the skin?’’

A B

14. Removes the gloves. A B
15. Washes hands for 30 seconds. Soap and water or alcohol gel or foam is ok. May ask: ‘‘Does your ring come off?’’ A B
16. Puts on one sterile glove (wrong if violate sterile technique while doing so). A B
17. Puts on the other sterile glove (wrong if violate sterile technique while doing so). A B
18. Opens the Biopatch�, takes it out of its packaging and places it in the sterile kit. A B
19. Using one hand, gently grabs the driveline with the gauze. A B
20. Using the other hand, cleans a four to five inch diameter around driveline exit site by scrubbing back and forth for at least
30 seconds with the chlorhexidine wand.

A B

21. Using one hand, gently grabs the driveline with a NEW piece of gauze. A B
22. Using the other hand, beginning at the point where the driveline exits the skin, scrubs the driveline with a back and forth
motion for 15 seconds, on each of the four sides with a NEW chlorhexidine wand. (Total of 60 seconds).

A B

23. Waits 90 seconds to dry. A B
24. Properly places the Biopatch�. A B
25. Properly places the large dressing. A B
26. Properly places the small dressing (pants). A B
27. Secures the new anchor to the skin. A B
28. Properly places the driveline in the tabs of the anchor. A B
29. Disposes of used materials. A B
30. Washes hands. A B
31. Did not have a potentially damaging pull on driveline exit site (one that puts pressure on the skin at the entry site). A B
32. Maintains sterile technique. A B
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HeartMate� Performing a System Controller Change.

Copyright � 2017 by Northwestern University. All Rights Reserved.
Rater__________________ Study ID__________
Date___________________
Circle One:

Key: A ¼ Done Correctly B ¼ Done Incorrectly/Not Done.

HeartWare� Performing a System Controller Change.

Copyright � 2017 by Northwestern University. All Rights Reserved.
Rater__________________ Study ID__________
Date___________________
Circle One:

Key: A ¼ Done Correctly B ¼ Done Incorrectly/Not Done.

Pretest simulator Posttest simulator 1 month Follow-up 3 month Follow-up Retest

Checklist Skill Item

1. Have patient lie down. A B
2. Get the backup controller and place within easy reach (the battery clips should be attached already). A B
3. Place batteries in each of the two battery clips of the back-up pocket controller by lining up red arrows. A B
4. Slide open the safety door on the back of the primary pocket controller. A B
5. Press the red button to release the driveline. A B
6. Hold the metal part of the driveline to pull it out of the primary pocket controller. A B
7. Hold the metal part of the driveline while inserting the driveline into the backup controller. A B
8. Must somehow demonstrate understanding yellow arrow to yellow arrow (might be black) as well as need to feel/hear a click.
Can ask: ‘‘how do you know you are putting in the driveline correctly?’’

A B

9. Close the safety door on the back of the new controller. A B
10. Disconnect the two batteries (or the MPU power) from the old controller. A B
11. Press and hold the battery button on the old controller for five seconds. A B
12. Perform a self-test on new controller. A B

Pretest simulator Posttest simulator 1 month Follow-up 3 month Follow-up Retest

Checklist Skill Item

1. Have patient lie down. A B
2. Get the backup controller and place within easy reach. A B
3. Remove the cord connecting to the power source (battery or AC) from number 1. A B
4. Connects this power cord to number 1 on the backup controller. A B
5. Pull back the white driveline cover that sits near the entry point at number 2. A B
6. Grasp the ribbed area of the driveline and pull the driveline from the bad controller. A B
7. Push the driveline into the new controller at number 2. A B
8. Must somehow demonstrate understanding that the notch or black line must be lined up with the orange dot on the controller.
Can ask: ‘‘how do you know you are putting in the driveline correctly?’’

A B

9. Removes the red alarm adaptor at number 3 from the backup controller. A B
10. Remove the black cover from the port in the same spot on the bad controller (number 3). A B
11. Put the red alarm adaptor into the port or number 3 on the bad controller. A B
12. Remove the cord connecting to the other power source from number 4 on the bad controller. A B
13. Connect the power source to number 4 on the backup controller. A B
14. Slide the white driveline cover forward to protect the connection. A B
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HeartMate� Battery and Power Source Changes.

Copyright � 2017 by Northwestern University. All Rights Reserved.
Rater__________________ Study ID__________
Date___________________
Circle One:

Key: A ¼ Done Correctly B ¼ Done Incorrectly/Not Done.

Pretest simulator Posttest simulator 1 month Follow-up 3 month Follow-up Retest

Checklist Skill Item

Hooking up to MPU (Wall Power)
1. Ensure that the MPU is plugged in and on. A B
2. Unscrew the white connector from the battery clip and connect the white MPU cable to the white system controller
connector.

A B

3. Unscrew the black connector from the battery clip and connect the black MPU cable to the black system controller
connector.

A B

4. Press the battery release button on each battery clip, releasing the batteries. A B
5. Place depleted batteries in battery charger for recharging. A B

Hooking back up to battery
6. Gather appropriate equipment: two battery clips, two fully charged batteries, and battery holster or bag (if available). A B
7. Place one fully charged battery into each battery clip by aligning the arrows on the battery and battery clip and pushing
the battery into the battery clip until a gentle ‘‘click’’ is felt.

A B

8. Unscrew the white controller cable/connector from the white connector on the MPU. A B
9. Connect the white controller connector to the first battery clip. A B
10. Unscrew the black controller cable/connector from the black connector on the MPU. A B
11. Connect the black connector on the system controller to the second battery clip. A B
12. Check the battery ‘‘fuel gauge’’ by depressing the battery button on the controller to ensure the battery is full. A B
13. Place the battery clips and batteries in the patient’s holster or bag. A B
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HeartWare� Battery and Power Source Changes.

Copyright � 2017 by Northwestern University. All Rights Reserved.
Rater__________________ Study ID__________
Date___________________
Circle One:

Key: A ¼ Done Correctly B ¼ Done Incorrectly/Not Done.

Pretest simulator Posttest simulator 1 month Follow-up 3 month Follow-up Retest

Checklist Skill Item

Hooking up to Wall Power
1. Ensure the AC adapter is plugged in and the green light is on. A B
2. Remove one battery by turning the battery hub counterclockwise towards the release arrow and gently pull. A B
3. Connect the white arrow on the AC adapter cord to the red dot on power source connection located in the empty power slot on
the system controller (Power source 1 or 2).

A B

4. Ensure that patient’s system controller is always connected to one fully charged battery at all times. A B
5. Look at display screen on system controller to confirm patient is now connected to AC Power with one backup battery power
source. May ask: ‘‘How do you know you are on AC power?’’

A B

Hooking back up to battery
6. Get second battery. A B
7. Disconnect from AC power by turning the AC hub counterclockwise towards the release arrow and gently pull. A B
8. Connect the white line on the battery cord to the red dot on the empty power source connection located in the empty power
slot on the system controller.

A B

9. Look at display screen on system controller to confirm patient is now connected to two battery power sources. May ask: ‘‘How
do you know you are on battery power?’’

A B
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