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Abstract
Cardiopulmonary resuscitation (CPR) manikins are an educational technology tool
employed to train nurses to perform high-quality CPR during real-life cardiac arrest
events. However, a gap exists between CPR skills learned in training and those used in
real life. The purpose of this quantitative study was to examine how CPR feedback and
anxiety in registered nurses affect CPR performance on a manikin. Distributed practice
and attentional control theory served as the foundations for this study. The research
questions addressed the influence of demographic factors, real-time CPR feedback, and
simulated hospital noises on CPR performance using CPR manikins. The study included
a randomized longitudinal experimental design. Data were collected from 120 nurses via
a demographic questionnaire, the Cognitive and Somatic Anxiety Questionnaire, and
CPR compression performance feedback via a Zoll R Series defibrillator. Data analysis
involved a repeated measures ANOVA or a regression analysis. Findings indicated that
participants’ age predicted CPR performance. Receiving real-time CPR feedback led to a
statistically significant improvement in performance, and the introduction of hospital
noises did not predict CPR performance. Findings may be used to enhance individual
performance of CPR, which may benefit society through improved patient care during

cardiac arrest.



Training Frequency and Anxiety: Do CPR Manikins Lend to Delivering High-Quality
CPR?
by

Steven A. Marks

MS, California State University, San Bernardino, 2001

BA, California State University, San Bernardino, 1994

Dissertation Submitted in Partial Fulfillment
of the Requirements for the Degree of
Doctor of Philosophy

Education

Walden University

November 2019



Dedication
I dedicate this project to the nurses who took time out of their busy workday to
help a PhD candidate examine a topic in the hopes of advancing CPR training knowledge
at a global level. Their interest in the topic and passion for delivering high-quality care
were obvious. If it were not for their selfless actions and their participation in the study,

this project would not have been realized.



Acknowledgments
I would like to thank Dr. Tyrrell and Dr. Marrapodi for their guidance, direction,
and inspiration on this project. Even during the ups and downs of writing a dissertation,
their support was unwavering. I feel blessed to have worked with such fine scholars who
pushed me to be the best I could be. I would also like to acknowledge Dr. Lynn E.
Shaffer for her help with the statistical analysis and Toni Williams who edited this

manuscript.



Table of Contents

LSt OF TADIES ...cuveiieiieieeece ettt et v
LSt OF FIGUIES ...ttt ettt et ettt et e et esnbeensaeenseenseennes vi
Chapter 1: Introduction to the Study..........cccooviieiiiiiiiii e 1
Back@roUnd .........c.ooviiiiiiiieiee et 3
Problem Statement .........cooueiiiriiiiiiieieiee e 6
Purpose Of the StUAY ......ooeuiiiiiiieee e 6
Research Questions and Hypotheses .........cccoviieniiiiiienieeiieieceeece e 8
Theoretical Frameworks for the Study .........ccccoeiiiiiiiiiii e 11
Nature of the StUAY ......ooeiiiiiee e e 13
DIETINTIONS. ...ttt ettt et sb ettt sb e e nas 14
VATTIADIES ...t 14

TOIIIIS .ottt sttt et 14
ASSUIMIPLIONS ...ttt ettt ettt et e st e et e et e e bt e see et e esatesabeeseeesbeenseessseenseesnseenseesnnas 15
Scope and Delimitations ...........c.cecueerieeiiienieeiierie ettt et ete e s ae s seee e 15
Limitations of the StUAY.......ccvieiiiiiiiiiieie e 16
Significance of the STUAY .......ccviiiiiiiiiiiee e 16
SUMMATY ...ttt et e et e et e sttt esbteesabteesabeeenabeesnnseesnnee 17
Chapter 2: Literature REVIEW ........cceeoiieiiiiiiieiieeiteiteeie ettt st 18
Purpose of the StUAY ...c..eeeiieiieeiiee s 19
Literature Search Strate@y.........cccveriiiiiiiiieiierie ettt 20
Theoretical FrameWOTKS ..........cocieiiiiiiiiiiiiieceee e 21



Distributed Practice Supports Learning ..........ccceecueerieeriienieeniienieeiieeve e see e 22

Anxiety and the Impact on Learning ............ccceceevieeiiienieeiiienieeieeee e 27
Simulation Use in Non-Health-Care Industries ...........cccceveeveriienieneniieniencnienceene 32
Simulation Use in the Health Care Industry ..........cccovieeiiienieeiiiieeiieeeceee 36
Simulation Manikins: An Education Technology...........ccccoeivviiiiiienciieniiniieieee, 47
Evidence for a Distributed Practice and Manikin Use to Learn CPR Skills............... 56
Syntheses of Literature Themes..........cccveiieeiieriieieerie ettt 64
SUMMATY ...ttt ettt e st e et e et e e st eesabteesabteesabeeesabeesnsseesnnne 66
Chapter 3: Research Method............oocuiiiiiiiiiiiiiiceeee e 69
Research Design and Rationale .............ccceeeieiiiiiiiiniieiiee e 69
MELhOOLOZY ...eeneieeiieeiie ettt ettt ettt e s eenseesaaeenseasenas 73
Instrumentation and Operationalization of COnsStructs .........c.cceeeevereererieneeniennene. 78
Research Questions and Hypotheses ..........ccceviieiiiiiiieiiieniicieeeeee e 82
Threats to VAIIAIty ....oc.eeiiiiiiiiieeee ettt e 88
Ethical PrOCEAUIES .......c.ooiiiiiiiiiieiiciecteeeet et e 89
SUMMATY ...ttt et e e st e et e st e e sabteesabteesabeeesabeeennseesnnee 90
Chapter 4: RESUILS .....oocuieiiieiieeie ettt et e et e e e e e snee e 92
Research Questions and Hypotheses ..........ccceviieiiiiiieiiieniieieeecee e 92
Data COLLECHION ...ttt ettt st 96
Data Preparation..........co.eeiuieriieeiieiie ettt ettt ettt e see et esaae e bt e ssaeesaesaaeenseeennas 97
Administration of TreatMENTS ........coeevuiriiriiiieriereeeree e 98
Treatment and Intervention Fidelity ........ccccoovieiiiiiiiiiiiiiiiiceceeeee e 98

il



SUAY RESUILS ...ttt ettt ettt e e eee e 99

DESCIIPHIVE StATISTICS . .eeuviieitieriieeiieriieetteeite et e see ettt e et esere et e ete e bt e ssaeenseesneeenne 99
Statistical ASSUMPLIONS ......cc.eeeciieriiieiienieeiieree ettt et sre e eae e e seee e s e seeeene 103
Research FINAINGS ......ccouiiiiiiiieiiieieee ettt 104
SUMMATY ...ttt et e et e et e e s ba e e sabteesbeeesabeeesaseesnaseeeas 109
Chapter 5: DISCUSSION ...ecuvieuiieiiieeiiesiieeieertte ettt e et e stee et e esaeeeabeeaeessbeeseessseenseensseeseens 111
Interpretation of the FINdings........cccceviiiiiiniiiiiieiicet e 111
Research QUESTION 1 .......oiciuiiiiiiiiciec et e e 112
Research QUESTION 2 .......oiiuiiiiiiieciee ettt e e 114
Research QUESTION 3 .......oiiiiiiiiieecee et 115
Research QUESTION 4 ........ooouviiiiiieceee ettt 116
Research QUESTION 5 ...c..viiiiiiiciiecee et 117
Limitations of the StUAY.......cccveiiiiiiiiiiieieee e 118
RecOMMENAALIONS ......couiiiiiiiiieiieri ettt 119
IMPIICALIONS. ...tieiiieeiit ettt ettt st e et e s e e teesebeenbeesnbeenseesnaeenne 120
Positive Social Change ..........cccocuieiieriieriieiiieieete ettt 120
Research Design IMplications............ccueeviieriieniieniieiiieeieeiee e 121
Recommendations for PractiCe ............cecevieniriiiniinieiienieeceeeeesee e 121
CONCIUSION ..ttt sttt ettt et sbe et sbt e bt et e sbe e beeaee e 121
Appendix A: Permission to Use Audio Rendering............cccoeceeviiinieniiienienieenieeen, 140
Appendix B: Cognitive and Somatic Anxiety Questionnaire............ccoeceeeeveeeveenieennnnne. 142
Appendix C: Demographics QUESHIONNAITE .........cccueeruieeriierieeiienieeiee e ereeeaeenseesneeenne 143

il



Appendix D: Permission to Use Cognitive and Somatic Anxiety Questionnaire...........

Appendix E: Diagnostic Residual Plots for Linear Regression Models...........c..c..c.......

v



List of Tables

Table 1. Age Ranges of PartiCipants...........c.eecieeiieniienieeniienie ettt 99
Table 2. Years of EXperience as @ INUISE ......cccueeruieeriienieeiieniieeieeieesieesieesnveeseesnneenseens 100
Table 3. Mean Anxiety Scores (at Baseline) ..........cccoevieeiieiiiiiiieniiiiieieceeeeeee 101

Table 4. Average Percentage Correct Performed for Compression Depth and Rate (at

BaSCIINE)....cccuviieeiiie e e et e e e e e reeenaneeea 102
Table 5. Linear Regression of Demographic Factors With CPR Performance .............. 104
Table 6. Repeated Measures ANOVA Output for Research Question 2........................ 105

Table 7. Linear Regression for the Relationship Between Hospital Noises and CPR
ADIlity (at 30 DAYS)...ccueeuiiiiiiiiienieeieeeeee e 106
Table 8. Repeated Measures ANOVA Output for Research Question 4........................ 107
Table 9. Linear Regression Examining Relationship Between Hospital Noises and
Change in CPR Ability (Baseline to 30 Days)........cccceeeeviereenenieneeneeienceeeene 108
Table 10. Linear Regression Examining Relationship Between Hospital Noises and

Change in CPR Ability (Baseline to 60 Days)........cccceeeevierienerieneenieienieneene 108



List of Figures
Figure 1. The three-group longitudinal design employed for this research study. ........... 71
Figure 2. Setup showing the CPR manikin, portable table, nonslip material under the CPR
manikin and front table legs, and Zoll Series R defibrillator on the table. ............... 78
Figure 3. A sample of CPR performance feedback provided by the Zoll R Series
defibrillator, which measured CPR performance for all participants ....................... 87
Figure 4. CPR performance, as a mean percentage of CPR depth and CPR rate, in
accordance with American Heart Association CPR guidelines, by treatment group
during data collection phases (baseline = 1, 30 days post baseline = 2, 60 days post
DASEIINEG = 3). it e e eareas 102
Figure 5. CPR performance of each individual during Phase 1 of data collection, with a

trend line of Mean anXiety SCOTES.......cvuieriierieeriieeieeiie e etee e eiee e eseeseeeaeesenes 103

Vi



Chapter 1: Introduction to the Study

Simulation manikins are computerized machines that can run predefined
scenarios, connect to a network, and be programmed (Damewood, 2016). Damewood
(2016) described simulation as an active and engaging learning method in which learners
can apply prior knowledge and practice without harming real people and that can provide
an opportunity for reflection on performance. Through simulation-based training, learners
can practice and master skills, which reduces patient risk, before employing the skills in
real life (Naik & Brien, 2013). Educators in the health care field have been incorporating
the use of simulation manikins to enhance cardiopulmonary resuscitation (CPR) training
since 1960 (Laerdal Medical, 2016a; Rosen, 2013). Therefore, using simulation manikins
for training nurses to perform CPR is particularly important when considering the critical
nature of a cardiac arrest event.

Gagne (1974) posed the question, “How can the things of learning best be
employed to promote learning?” (p. 3) when employing educational technologies.
Cardiopulmonary resuscitation manikins are an educational technology. However,
Neumar et al. (2015) reported that a learning gap exists related to performing high-quality
CPR when using CPR manikins for training. The fact that a learning gap exists when
employing CPR manikins for training purposes, which have included manikins since the
1960s, can lead to questioning the benefit of using CPR manikins for CPR training.

Lowyck (2014) indicated that defining a clear link between learning theories and
the use of educational technologies is futile. Lowyck described a state that exists related

to a need for improving conceptual frameworks, which leads to creating valid theories for



use in the educational technology field. Using educational technology is a teaching
method, but there is no guarantee that learning will occur when employing technology
(Lowyck, 2014). However, “smaller units of analysis, where (partial) learning theories,
models, and principles are connected to specific technological tools” (Lowyck, 2014, p.
7) could lead to a greater understanding of why a learning gap still exists with regard to
using CPR manikins for training.

The topic of this study was understanding how CPR training leads to, or does not
lead to, the performance of high-quality CPR. I also sought to determine whether anxiety
was a factor in being able to perform high-quality CPR. According to Neumar et al.
(2015), high-quality CPR leads to better patient outcomes if an individual survives the
cardiac arrest event. This research may contribute to the medical community by
providing a greater understanding of how CPR training and anxiety affect CPR
performance during cardiac arrest events. This study may serve to enhance the
knowledge of nurses who provide CPR and improve patient outcomes among those who
sustain cardiac arrest, both of which contribute to positive social change.

Chapter 1 includes a brief history of simulation technology related to CPR
training, an overview of CPR training effectiveness, and a discussion of why anxiety can
affect CPR performance. This chapter also includes the purpose, problem statement,
research questions, nature of the study, and hypotheses. I also provide definitions of

terms, assumptions, limitations, scope, delimitations, study significance, and a summary.



Background

Educators have used modern simulators in the health care field for about 50 years
(Rosen, 2013). Simulation-based training equipment is more realistic than it was in the
1960s, and the improvements in simulation equipment have led to enhancements in
patient safety, increased procedure and task proficiencies, and improved communication
and team working skills (Spooner, Hurst, & Khadra, 2012). Spooner et al. (2012) noted
that educators use simulation-based training to deploy educational content in a controlled
environment, in addition to using it for standardized performance assessment.

Revealed on March 17, 1967, SimOne was the first computer-based simulator
(Rosen, 2013). Although the simulator was used primarily for anesthesiology training, it
served as a prototypical device for many subsequent health care simulation manufacturers
(Rosen, 2013). In 1960, Laerdal released Resusci Anne®, which was the first manikin
created for practicing mouth-to-mouth resuscitation (Laerdal Medical, 2016a; Rosen,
2013). The Harvey® simulator, introduced in 1968, could replicate heart sounds in the
correct locations, pulses, and respirations (Rosen, 2013). The technological innovations
of these early simulators evolved into higher fidelity CPR training manikins.

The ability of trained providers to deliver high-quality CPR is vital to attaining
optimal patient outcomes after cardiac arrest (Christenson et al., 2009; Neumar et al.,
2015). Neumar et al. (2015) reported that components of high-quality CPR include
adequate chest compression rate, adequate chest compression depth, allowing for
complete chest recoil between compressions, minimizing interruptions to compressions,

and avoiding excessive ventilations. However, no clear training relationship exists



between practice and delivery of CPR for care to ensure the CPR is of high quality
(Neumar et al., 2015).

It is difficult for nurses to retain high-quality CPR skills without repetitive
training (Montgomery, Kardong-Edgren, Oermann, & Odom-Maryon, 2012; Oermann,
Kardong-Edgren, & Odom-Maryon, 2011). The American Heart Association (2018) has
two technology-driven methods through which nurses can renew their CPR certification:
HeartCode® and Resuscitation Quality Improvement® (RQI). RQI has a repetitive
training method designed to enhance CPR skills acquisition. However, researchers have
not yet published studies in which they have examined the training routine of RQI for
licensed registered nurses.

Indicators of poor retention of CPR skills and priorities for nurses exist in the
literature (Sullivan, 2015). If CPR skills degrade in less than 6 months after training
(Oermann et al., 2011; Sutton et al., 2011), the rate of degradation calls into question the
benefits of current manikin training technologies on nurses’ ability to learn high-quality
CPR skills. Simulation-based activities can provide educators and leaders of health care
organizations with the assurance that learners have the opportunity to learn procedures
that do not occur frequently in a clinical setting (Stephenson, 2015). However, it is
imperative to understand factors that can influence nurses’ ability to perform quality
CPR, thereby helping to enhance CPR psychomotor skills training (Roh & Issenberg,
2014). Roh and Issenberg (2014) pointed to “individual beliefs, attitudes, skills

experiences, and knowledge” (p. 675) as factors that can influence nurses’ behavior
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regarding CPR. However, situations that require performance of CPR in a hospital setting
can lead to high stress and anxiety for care providers (Sullivan, 2015).

Because real-life cardiac arrest situations that require the need for nurses to
perform CPR are high-stress and anxiety producing (Sullivan, 2015), it is important to
understand whether these factors have an effect on performing high-quality CPR. Al-
Ghareeb, Cooper, and McKenna (2017) found that anxiety encountered during
simulation-based learning activities could lead to enhanced or poor individual
performance. CPR manikins provide user feedback aimed at developing psychomotor
skills. However, CPR training sessions for purposes of obtaining or renewing
certification do not include anxiety-producing factors, such as chaos in the room during a
cardiac arrest situation. Although CPR manikin training technologies have developed in
the area of providing performance feedback, other factors exist that may limit the benefit
of CPR manikin training (Al-Ghareeb & Cooper, 2016; Tellson, Qin, Erwin, & Houston,
2017). Current manikin technology combined with current training methods may not lead
to nurses being able to perform high-quality CPR performance in real life.

Neumar et al. (2015) reported a gap between CPR training methods and
delivering high-quality CPR during cardiac arrest events. Research on the benefits of
proper CPR performance has shown correctly performed CPR significantly improves
patient survival rates from cardiac arrests (Neumar et al., 2015). The current study was
necessary to contribute to the research related to CPR simulation-based training. Gaining
further understanding of the factors that enhance or diminish CPR performance may

improve patient outcomes from cardiac arrests.



Problem Statement

No clear relationship exists between current CPR training methods employed for
practicing CPR and the subsequent performance needed to deliver high-quality CPR
during real-life cardiac arrest events. Neumar et al. (2015) indicated researchers have
reported that inadequate compression rate and depth are common resuscitation errors that
can reduce the likelihood of patient survival. Studies on the effects of CPR manikin-
based training on CPR performance outcomes have shown repetition in simulation-based
CPR practice is beneficial for maintaining CPR psychomotor skills (Oermann et al.,
2011; Sutton et al., 2009).

Understanding factors that can influence nurses’ ability to perform high-quality
CPR may help to enhance CPR psychomotor skills training (Roh & Issenberg, 2014).
Situations that require the performance of CPR in a hospital setting can lead to high stress
and anxiety for care providers (Sullivan, 2015). Current CPR training methods do not
routinely include anxiety-producing components. However, incorporating anxiety-
producing components may enhance the value of simulation training (Khalaila, 2014).
This study addressed this problem through the examination of CPR skills performance
over time while introducing an anxiety-producing factor.

Purpose of the Study

The purpose of this quantitative study was to examine the impact of CPR
performance feedback and hospital noises, as measured by the Cognitive and Somatic
Anxiety Questionnaire (CSAQ; Appendix B) on the CPR performance of medical and

surgical acute care registered nurses working in a hospital setting. Simulation CPR



manikins are an educational technology used to enhance CPR performance. Lee and Oh
(2015) reported that learning that incorporates simulation can allow students to scrutinize
their technical skills and can also benefit cognitive and psychomotor learning domains.
Cook, Brydges, Zendejas, Hamstra, and Hatala (2011) indicated that “technology-
enhanced simulation training in health professionals’ education is consistently associated
with larger effects for outcomes of knowledge, skills, and behaviors” (p. 978). The 2015
American Heart Association guidelines included a recommendation to use feedback
devices to learn the psychomotor skills of performing CPR (Neumar et al., 2015). The
CPR simulation manikins used in the current study provided learner feedback aimed at
improving performance.

The dependent variable in this study was CPR performance by nurses on a CPR
manikin. I measured the dependent variable by applying specially designed training pads
for the Zoll R Series defibrillator on a CPR manikin, which measured performance
metrics according to American Heart Association CPR guidelines (see Neumar et al.,
2015). The 2015 American Heart Association guidelines for acceptable CPR included a
compression rate of 100—120 compressions per minute and a compression depth of 2 to
2.4 inches. The independent variables were CPR feedback (provided by a Zoll R Series
defibrillator) and anxiety score (as measured by the CSAQ). To examine the effect of
time on CPR performance, the exercise was repeated twice: 30 and 60 days after the
baseline measurement. I collected performance data for each participant at all three

events.



Research Questions and Hypotheses

Research Question 1: How do the participants’ demographic factors of age,
gender, and years of experience as a nurse relate to medical and surgical nurses’ ability to
perform CPR in accordance with American Heart Association national standards (as
measured by a Zoll R Series defibrillator) on a CPR training manikin?

Hol: The participant demographic factors of age, gender, and years of experience
as a nurse does not predict a medical and surgical nurses’ ability to perform CPR in
accordance with American Heart Association national standards (as measured by a Zoll R
Series defibrillator) on a CPR manikin.

Hal: The participant demographic factors of age, gender, and years of experience
as a nurse does predict a medical and surgical nurses’ ability to perform CPR in
accordance with American Heart Association national standards (as measured by a Zoll R
Series defibrillator) on a CPR manikin.

Research Question 2: What is the difference in medical and surgical nurses’
ability to perform CPR in accordance with American Heart Association national
standards (as measured by a Zoll R Series defibrillator) on a CPR training manikin while
either receiving real-time CPR feedback (provided by a Zoll R Series defibrillator/CPR
feedback device) or not receiving any performance feedback?

Ho2: There is no difference in medical and surgical nurses’ ability to perform
CPR in accordance with American Heart Association national standards (as measured by

a Zoll R Series defibrillator) on a CPR training manikin while either receiving real-time



CPR feedback (provided by a Zoll R Series defibrillator/CPR feedback device) or not
receiving performance feedback.

HA2: There is a difference in medical and surgical nurses’ ability to perform CPR
in accordance with American Heart Association national standards (as measured by a
Zoll R Series defibrillator) on a CPR training manikin while either receiving real-time
CPR feedback (provided by a Zoll R Series defibrillator/CPR feedback device) or not
receiving performance feedback.

Research Question 3: How does the introduction of hospital noises during CPR
performance (as measured by the CSAQ) and real-time CPR performance feedback
(provided by a Zoll R Series defibrillator/CPR feedback device) predict medical and
surgical nurses’ ability to perform CPR in accordance with American Heart Association
national standards on a CPR training manikin?

Hoy3: The introduction of hospital noises during CPR performance (as measured
by the CSAQ) and CPR performance scores (provided by a Zoll R Series
defibrillator/CPR feedback device) does not predict medical and surgical nurses’ ability
to perform CPR in accordance with American Heart Association national standards on a
CPR training manikin.

HA3: The introduction of hospital noises during CPR performance (as measured
by the CSAQ) and CPR performance scores (provided by a Zoll R Series
defibrillator/CPR feedback device) predicts medical and surgical nurses’ ability to
perform CPR in accordance with American Heart Association national standards on a

CPR training manikin.
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Research Question 4: What is the difference in medical and surgical nurses’
ability to perform CPR in accordance with American Heart Association national
standards (as measured by a Zoll R Series defibrillator) on a CPR manikin, while either
receiving or not receiving real-time CPR feedback (provided by a Zoll R Series
defibrillator/CPR feedback device) at 30 days and 60 days (postbaseline) compared to
baseline performance?

Ho4: There is no difference in medical and surgical nurses’ ability to perform
CPR in accordance with American Heart Association national standards (as measured by
a Zoll R Series defibrillator) on a CPR manikin, while either receiving or not receiving
real-time CPR feedback (provided by a Zoll R Series defibrillator/CPR feedback device)
at 30 days and 60 days (postbaseline) compared to baseline performance.

Ha4: There is a difference in medical and surgical nurses’ ability to perform CPR
in accordance with American Heart Association national standards (as measured by a
Zoll R Series defibrillator) on a CPR manikin, while either receiving or not receiving
real-time CPR feedback (provided by a Zoll R Series defibrillator/CPR feedback device)
at 30 days and 60 days (postbaseline) compared to baseline performance.

Research Question 5: How does the introduction of hospital noises during CPR
performance (as measured by the CSAQ) and receiving or not receiving real-time CPR
performance feedback (provided by a Zoll R Series defibrillator/CPR feedback device)
predict medical and surgical nurses’ ability to perform CPR in accordance with American

Heart Association national standards (as measured by a Zoll R Series defibrillator) on a
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CPR training manikin at 30 days and 60 days (postbaseline) when compared to baseline
performance?

Ho5: The introduction of hospital noises during CPR performance (as measured
by the CSAQ) and receiving or not receiving real-time CPR performance feedback
(provided by a Zoll R Series defibrillator/CPR feedback device) does not predict medical
and surgical nurses’ ability to perform CPR in accordance with American Heart
Association national standards on a CPR training manikin at 30 days and 60 days
(postbaseline) compared to baseline performance.

H\5: The introduction of hospital noises during CPR performance scores (as
measured by the CSAQ) and receiving or not receiving real-time CPR performance
feedback (provided by a Zoll R Series defibrillator/CPR feedback device) predicts
medical and surgical nurses’ ability to perform CPR in accordance with American Heart
Association national standards on a CPR training manikin at 30 days and 60 days
(postbaseline) compared to baseline performance.

Theoretical Frameworks for the Study

Distributed practice and attentional control theory served as the two frameworks
for the study. Distributed practice, which asserts learning occurs over time with repeated
sessions, helps to enhance learning of CPR skills (Oermann et al., 2011). Studies on the
distributed practice framework date back to its inception by Ebbinghaus in 1885 (Kupper-
Tetzel, 2014). Ebbinghaus (1913/2011) noted that learning is better when educators
repeat and disperse content over time compared to a single time or massed learning

approach. Current research supports distributed practice as a framework that benefits
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learner outcomes (Gerbier & Toppino, 2015; Kupper-Tetzel, 2014). The distributed

practice framework has been shown to be beneficial for learning paired word associations
and complex motor skills (Gerbier & Toppino, 2015; Kupper-Tetzel, 2014).

The act of performing high-quality CPR includes both cognitive and motor
components (Neumar et al., 2015). Delivering high-quality CPR appropriately and
consistently can result in saving lives (Neumar et al., 2015). Based on the distributed
practice effect, nurses should improve their ability to deliver high-quality CPR through
repetition in training. Prior studies supporting the benefits of repetition in CPR training
included nursing students as participants or took place in laboratory settings; therefore,
findings may not generalizable to the real world (Oermann et al., 2011; Roh & Issenberg,
2014).

Attentional control theory served as another theory on which the study was
grounded. An assumption of attentional control theory is that anxiety affects attentional
processes involved with the human stimulus-driven and goal-directed functions, which is
central to gaining insight into the effect of anxiety on performance (Eysenck, Derakshan,
Santos, & Calvo, 2007). An assertion of the theory is that anxiety interrupts the balance
between the human stimulus-driven and goal-directed attentional systems. The effect of
anxiety on these two attentional systems is an increase in the stimulus-directed system
and a decrease in the goal-directed system (Eysenck et al., 2007).

According to Sullivan (2015), “recognizing and responding to a cardiac arrest in
the hospital setting is a high stress, high anxiety event for all healthcare providers” (p. 1).

The goal of performing high-quality CPR may become a lower subconscious cognitive
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priority when a nurse is experiencing anxiety. Although simulation is an effective tool for
learning technical and nontechnical health care skills to improve patient safety (Naik &
Brien, 2013), simulation conditions need to be as realistic as possible to facilitate a
meaningful learning experience.
Nature of the Study

The study involved a randomized longitudinal experimental design to answer the
research questions. The variables included one dependent variable and two independent
variables. The dependent variable was CPR performance by nurses as measured by a Zoll
R Series defibrillator. There were two independent variables: receiving or not receiving
CPR performance feedback and being subjected or not being subjected to a simulation of
intensive care hospital noises. Medical and surgical acute care registered nurses were
randomly assigned to one of three groups (control, which did not receive CPR feedback
or be subject to hospital noises at 30- and 60-day measurement periods), Treatment
Group 1 (which did not receive CPR feedback but was subjected to hospital noises at 30-
and 60-day measurement periods), and Treatment Group 2 (which received CPR
feedback and was subjected to hospital noises at 30- and 60-day measurement periods). R
version 3.4.3 was used to analyze the data obtained from the Zoll R Series defibrillator
(see Zoll Medical Corporation, 2017) and the CSAQ (see Calvo, Alamo, & Ramos,
1990). Depending on the hypothesis tested, I used either a two-way repeated measures
analysis of variance (ANOVA) or regression analysis. I also collected demographic data

via a survey and examined the data for any relationships with the dependent variable.
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Definitions

Variables

Dependent variable: A measurement of CPR performance by acute care registered
nurses obtained from a Zoll R Series defibrillator.

Explanatory variable: Demographic factors collected via a survey related to age,
gender, and years practicing as a registered nurse.

Independent Variable 1: Receiving or not receiving CPR performance feedback
while performing CPR on a CPR manikin.

Independent Variable 2: Having or not having a loud audio clip of intensive care
unit hospital sounds played while performing CPR on a CPR manikin.
Terms

CPR feedback device: A device that provides feedback to the individual
performing CPR. The aim of the feedback is to deliver CPR performance that is
consistent with the 2015 American Heart Association guidelines (Zoll Medical
Corporation, 2017).

High-fidelity simulation: A simulator that provides a realistic learning experience
(Tichon & Diver, 2012).

High-quality CPR: Performance of CPR in accordance with the 2015 American
Heart Association guidelines, which include proper chest compression rate and depth

(Neumar et al., 2015).
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Assumptions

There were certain assertions in this study that I could not confirm but that I
believed to be true. I assumed the self-reported data collected from the demographic
questionnaire and the CSAQ were true. I also assumed the participants performed CPR
on the manikins to the best of their knowledge and ability. All equipment used in this
study functioned accurately to measure CPR compressions and provide CPR feedback.
Additionally, I assumed a normal distribution for the statistical analysis of data. The
rationale for making these assumptions related to the study design. I could not control for
the assumptions listed by making minor modifications to the research design. Therefore, |
made the assumptions to preserve the integrity of statistical hypotheses testing (see
Frankfort-Nachmias & Leon-Guerrero, 2018).

Scope and Delimitations

The scope of this study included licensed registered nurses working in acute care
medical and surgical nursing hospital units. Participants included males and females with
varying levels of nursing experience and nursing education. All participants worked for
one of two community hospitals, and I assumed they were able to perform CPR for 2
minutes. There were approximately 650 nurses working as medical and surgical nurses at
the two hospitals. I needed a minimum of 108 participants to ensure an adequate sample
for the statistical analysis. I delimited the sample to a single nursing specialty (medical
and surgical acute care nursing), which helped to eliminate the variability that might have
occurred if I had included nurses from other nursing specialties who might have had more

experience performing CPR and working in chaotic situations. I excluded registered
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nurses working in areas outside of the acute care medical and surgical areas, such as adult
intensive care units or emergency departments.
Limitations of the Study

The primary limitation in this study related to generalizing findings to registered
nurse populations working in areas outside of acute care medical and surgical nursing.
Although this was a limitation, it was also a strength in that variability within the sample
population was more controlled. Confounds related to the participants, such as gender
and age, could have affected their performance during the data collection phase.

To address potential variability related to the participants, I performed statistical
analyses on the demographic factors. These analyses revealed findings that presented
limitations related to the population for this study. However, the study design included
random assignment, which assumes a normal distribution that should have mitigated
demographic factors as a limitation.

Significance of the Study

The significance of this study related to improving how educators use CPR
manikins to train nurses to deliver high-quality CPR during real-life cardiac arrest events.
I examined the CPR performance gap between training and practice to determine how to
employ educational technologies from an educational perspective. Understanding factors
that affect CPR psychomotor performance, such as CPR training manikins and anxiety,
may lead to practice changes that positively influence how educators use CPR manikins
as an educational technology for CPR training. Additionally, improvements in the use of

CPR training technologies may lead to enhanced nursing knowledge, better CPR
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performance, and improved patient care. This study contributed to positive social change
through examination of factors that affect individual performance, which may benefit
society through improved patient care during cardiac arrest events.
Summary

This chapter included an overview of the gap that exists in transitioning current
CPR training to practice. A brief review of the current literature revealed support for the
existence of the gap examined in this study. The theoretical frameworks of distributed
practice and attentional control theory served as the foundation to explain the impact of
the variables on the dependent variable. I employed a randomized longitudinal
experimental design and limited the population to a single nursing specialty to control for
variation that could have skewed results if the study had included different nursing
specialties. Findings may provide new knowledge in the field of health care educational
technology and effect positive social change. Chapter 2 includes an in-depth review of
literature related to simulation use for CPR training and to the theoretical frameworks for

this study.
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Chapter 2: Literature Review

In the executive summary to the American Heart Association’s updated 2015
cardiopulmonary resuscitation and emergency cardiovascular care guidelines, Neumar et
al. (2015) indicated the ideal training method and frequency for retaining cardiac
resuscitation skills to train health care professionals who perform CPR require further
examination. Since 2000, the American Heart Association has published new CPR
guidelines or has revised previous CPR performance recommendations (Neumar et al.,
2015). Because real-life CPR training on patients is not ethical or feasible, educators
employ CPR manikins and high-fidelity patient simulators to meet mass CPR training
needs. Neumar et al. recommended conducting additional educational research with a
focus on the long-term retention of psychomotor and behavioral CPR skills in a simulated
learning environment.

High-quality CPR is vital to attaining optimal patient outcomes following cardiac
arrest (Christenson et al., 2009; Neumar et al., 2015). Neumar et al. (2015) noted that
components of high-quality CPR include adequate chest compression rate, adequate chest
compression depth, allowing for complete chest recoil between compressions,
minimizing interruptions to compressions, and avoiding excessive ventilations. However,
no clear training link exists to ensure high-quality CPR can be performed during cardiac
arrest events, although automated technology feedback devices can help individuals learn
the psychomotor skills of performing CPR (Neumar et al., 2015).

Through the American Heart Association (2018), two technology-driven methods

emerged for nurses to renew their CPR certification: HeartCode® and RQI®. Companies
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such as Laerdal, CAE, and Gaurmad adopted the American Heart Association’s CPR
guidelines for health care professionals to build or update simulators for CRP training
and assessment. These simulators provide real-time CPR performance feedback,
including depth, rate, and chest recoil (CAE Healthcare, 2016; Gaumard Scientific, 2016;
Laerdal Medical, 2016b). It is difficult for nurses to retain high-quality CPR skills
without repetitive training (Montgomery et al., 2012; Oermann et al., 2011). However,
the problem of which method or methods may be best to enhance knowledge retention
related to performing high-quality CPR remains unclear. Another issue that remains
unclear is whether anxiety plays a role in influencing a person’s ability to perform high-
quality CPR. Examining how training method and anxiety affect CPR quality among
nurses may lead to improvements in patient care outcomes. Chapter 2 includes an in-
depth and extensive literature review related to manikin use for CPR training and the
theoretical frameworks employed in this study.
Purpose of the Study

The purpose of this quantitative study was to examine how CPR feedback and
anxiety affect CPR performance in registered nurses over time. Simulation CPR manikins
are an educational technology used to enhance CPR performance. Lee and Oh (2015)
reported that learning that incorporates simulation can allow students to scrutinize their
technical skills and can also benefit cognitive and psychomotor learning domains. The
2015 American Heart Association guidelines include a recommendation to use feedback

devices to learn the psychomotor skills of performing CPR (Neumar et al., 2015). When
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connected to the Zoll R Series defibrillator, the CPR simulation manikins used in this
study provided learner feedback aimed at improving performance.
Literature Search Strategy

The databases accessed for the literature review included the use of three
multiple-database search engines. My literature review included relevant material from
four different disciplines: education, psychology, nursing, and medicine research. The
databases searched first were educational research databases, which included ERIC and
Education Research Complete. Examined next were the nursing and medical databases,
which included CINAHL and MEDLINE. The final search involved the military and
government collection and a psychology database, which included PsycARTICLES,
PsycBOOKS, PsycCRITIQUES, PsycEXTRA, and PsycINFO. Searching the
PsycTESTS database resulted in identifying the cognitive anxiety instrument used for this
study.

The scope of the literature review was publication years 2012 to 2017. However,
to identify seminal work related to the theoretical frameworks, I expanded the search to
include relevant literature dating back to 1913. All journal articles referenced were peer-
reviewed articles. Verification of peer-review status involved using Ulrich’s Periodicals
Directory or a journal’s website. Key search terms included CPR training, CPR manikin,
CPR mannequin, high-quality CPR, CPR psychomotor, CPR simulation, technology-
enhanced simulation, military simulation, aviation simulation, pilot training, flight
simulator, police simulation training, high-risk low-frequency events, distributed

practice, cognitive anxiety, and forgetting.
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Theoretical Frameworks

Distributed practice and attentional control theory served as the two frameworks
for the study. Supporters of distributed practice assert that learning occurs over time with
repeated sessions and claim that it helps to enhance learning CPR skills (Oermann et al.,
2011). Studies on the distributed practice framework date back to its inception by
Ebbinghaus in 1885 (Kupper-Tetzel, 2014). Ebbinghaus (1913/2011) noted that learning
is more effective when educators repeat and disperse content over time compared to a
single educational session. Current research supports distributed practice as a framework
that benefits learner outcomes (Gerbier & Toppino, 2015; Kupper-Tetzel, 2014). The
distributed practice framework is beneficial for learning paired word associations and
complex motor skills (Gerbier & Toppino, 2015; Kupper-Tetzel, 2014).

The act of performing high-quality CPR includes cognitive and motor
components (Neumar et al., 2015). Delivering high-quality CPR appropriately and
consistently can result in saving lives (Neumar et al., 2015). Based on the distributed
practice effect, nurses should improve their ability to deliver high-quality CPR through
repetition in training. Prior studies supporting the benefits of repetition in CPR training
included nursing students as participants or took place in laboratory settings; therefore,
findings may not be generalizable to the real world (Oermann et al., 2011; Roh &
Issenberg, 2014).

Attentional control theory served as another theory on which the study was
grounded. An assumption of attentional control theory is that anxiety affects attentional

processes involved with the human stimulus-driven and goal-directed functions, which is



22

central to gaining insight into the effect of anxiety on performance (Eysenck et al., 2007).
An assertion of the theory is that anxiety interrupts the balance between the human
stimulus-driven and goal-directed attentional systems. The effect of anxiety on these two
attentional systems is an increase in the stimulus-directed system and a decrease in the
goal-directed system (Eysenck et al., 2007).

According to Sullivan (2015), “recognizing and responding to a cardiac arrest in
the hospital setting is a high stress, high anxiety event for all healthcare providers” (p. 1).
The goal of performing high-quality CPR may become a lower subconscious cognitive
priority when a nurse is experiencing anxiety. Although simulation is an effective tool for
learning technical and nontechnical health care skills to improve patient safety (Naik &
Brien, 2013), simulation conditions need to be as realistic as possible to facilitate a
meaningful learning experience.

Distributed Practice Supports Learning

Research supports using a distributed practice approach to learning rather than a
single-session or massed education approach (Abe, Kawahara, Yamashina, & Tsubio,
2013; Abelsson, Lindwall, Suserud, & Rystedt, 2017; Kupper-Tetzel, 2014; Taylor,
Dixon-Hardy, & Wright, 2014). Distributed practice, also referred to as spaced practice,
is effective for learning different content, such as word pairs, math problems, foreign
languages, and motor skills (Gerbier & Toppino, 2015). Distributed practice theory
provides support for using repetition in learning to gain the psychomotor skills associated

with performing high-quality CPR.
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Distributed practice research promotes the benefits of repetition in learning in
different fields of study, including health care. Gallicchio, Cooke, and Ring (2016)
conducted an exploratory test—retest design study in which 12 right-handed male
recreational golfers participated. According to psychomotor efficiency, which was also
the framework for this study, motor proficiency develops through practice and allows
physiological alterations that include amplifying pertinent motor processes and
diminishing nonpertinent motor processes (Gallicchio et al., 2016). Gallicchio et al.
measured the golfers’ putting performance and conscious processing employing three
measures: frequency of successful putts out of 50 putts, putting performance errors, and
electroencephalogram activity (brain activity). Using a paired-sample ¢ test to examine
changes in performance and conscious processing in the test and retest phases, Gallicchio
et al. found putting performance improved significantly from the test to retest condition
1(11) =2.18, p = .05, > = .301. Additionally, Gallicchio et al. reported conscious
processing decreased between the two conditions #(11) =2.59, p = .03, 7> = .378. These
results provided support for using repetition to improve the psychomotor skill of putting.

Kupper-Tetzel (2014) conducted a literature review of 85 empirical studies related
to using distributed practice for learning. Distributed practice has led to learning
improvements with verbal tasks, math skills, complex motor skills; distributed practice
can also reduce forgetting and promote long-term knowledge retention. Although
Kupper-Tetzel described a clear benefit to the strong learning outcomes associated with
using distributed practice, a unified theory for explaining the positive impact on learning

does not exist. Kupper-Tetzel noted that current theories researchers use to attempt to
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explain the distributed practice effect cannot define an optimal time for spacing learning
repetition cycles. Additionally, much of the research on distributed practice takes place in
a controlled environment, which limits how the approach can apply in the real world.
Although this review provided support for using the disturbed practice approach in my
study, it also presented a clear limitation related to the generalizability of learning
outcomes obtained in a lab and the application of knowledge in real-life situations.

Taylor et al. (2014) analyzed the data from 1,007 general aviation fixed-winged
accidents in the United Kingdom from January 2005 to December 2011. Accident reports
obtained from the Air Accidents Investigation Branch website (Aircraft Owners and Pilot
Association, 1997-2011) provided information on flight experience, age, and pilot
license type (commercial versus private). Flight experience included three categories:
currency (which was flying time during the previous 28 days and flying time during the
previous 90 days), type of experience (which related to the flight time on a specific type
and model of aircraft), and total experience (total flight time to date). After reviewing
accident data reports and cross-referencing them with the surveys, Taylor et al. reported a
significant finding for pilots who lost control of the aircraft during landing related to
flight time during the previous 28 and 90 days. Taylor et al. provided recommendations
for repeated simulation practice to help mitigate loss-of-control accidents. The study was
relevant to the importance of repetition and ongoing training to maintain pilot
competency to fly a plane.

Abe et al. (2013) examined the use of simulation-based education to improve

cardiovascular competency in critical care nurses. The study took place at an Asian
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university hospital with 24 nurses who represented four different nursing specialties:
surgery, critical care, internal medicine, and pediatrics. The nurses’ training methods
included lectures, cardiovascular-related procedure training, and simulations based on
cardiovascular situations with debriefing during and after a simulation session. The study
included two 12-member teams, and all participants performed in two of the four
simulation sessions (a repeated simulation design) that occurred over the course of 1 day.
Individuals completed self-assessment performance rubrics related to the achievement
level acquired during the simulation, a teamwork inventory scale, and feedback from
observers and the instructor.

Abe et al. (2013) reported that all groups had low mean rubric scores across all
initial simulation scenarios. However, mean rubric scores increased in the second
simulation and as participants completed more simulations. Although Abe et al. did not
report statistical testing for this finding, they did report that, with consecutive repeated
simulations and debriefings, self-ratings moved from a level of competence to
competency. Instrument score analysis revealed significant findings on two of the
subscales: (a) attitudes of the superior, which was a measure of superiors or leaders (i.e.,
a charge nurse) at work providing proper advice to those with less experience (i.e., a new
nurse to practice; p < .001, Cronbach’s a before training 0.90 and after training 0.91) and
(b) less job satisfaction (p < .01, Cronbach’s o before training 0.78 and after training
0.85). The results of this study showed support for incorporating a repeated simulation

design into simulation-based learning activities in nursing.
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Abelsson et al. (2017) examined the benefits of employing simulation-based
learning for preparing prehospital care nurses to provide trauma care. A convenience
sample of 63 nurses who possessed a bachelor’s degree and prior prehospital care
experience constituted the study population. Abelsson et al. used a two-group pretest—
posttest design with repeated simulation training for the treatment group. The realistic
simulation scenarios included receiving a call from an emergency dispatcher; access to a
witness who saw the accident; use of a moulaged manikin, which means the manikin was
made up to have simulated injuries; and facilitator feedback regarding the patient’s
condition. The study took place over a 6-month period, with the treatment group
participating in simulation scenarios every 8 weeks and the control group receiving
simulation training only at the beginning and end of the study period. Although the
results did not show a consistent beneficial link between repetition and learning for
trauma care assessment or tasks, Abelsson et al. concluded that repeated simulation
training could have a strong effect on learning certain aspects of trauma-related care.
Even considering the study limitations (sample size and inconsistency of care actions
performed during the simulations), the fact that some learning improvements developed
in the treatment group demonstrates support of a simulation-based approach.

The distributed practice approach to learning exists in different fields ranging
from aviation to sports to health care. Researchers have reported the benefit of using
learning repetition to enhance cognitive knowledge and psychomotor skills (Abe et al.,
2013; Abelsson et al., 2017; Kupper-Tetzel, 2014; Taylor et al., 2014). Even though

studies reviewed in this chapter do not include distributed practice as a theoretical
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framework, the researchers of all the studies discussed describe a method that
incorporates repetition in learning, which has roots in distributed practice. Although
employing the distributed practice approach to learning was beneficial, there are
limitations with the method related to the optimal time spacing between learning sessions
(Kupper-Tetzel, 2014). Furthermore, individual factors may influence how effective the
distributed practice approach is on learning. Even considering the limitations, employing
the distributed practice approach in my study was supported because of the empirical
evidence found related to enhanced learning and performance with practice (Abe et al.,
2013; Abelsson et al., 2017; Kupper-Tetzel, 2014; Taylor et al., 2014).
Anxiety and the Impact on Learning

The second theoretical framework providing a foundation for this study was
attentional control theory. As noted previously, attentional control theory assumes that
anxiety affects attentional processes that comprise the human stimulus-driven and goal-
directed functions, and this framework is central to gaining insight into the effect of
anxiety on performance (Eysenck et al., 2007). Therefore, anxiety may cause individuals
to react differently by being more reactive versus outcome focused. Based on this theory,
anxiety could be a factor influencing individuals’ ability to deliver high-quality CPR. The
focus of the studies examined in this section was on the relationship between anxiety and
the impact on learning outcomes.

Flinn et al. (2015) employed a between-subjects experimental design to study the
effects of stress on learning a laparoscopic surgical skill in 40 first through fourth-year

medical students. All participants received the same training on how to use laparoscopic
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tools (surgical instruments) to cut a circle out of a piece of gauze and were assigned to
one of four conditions; control (n = 10), observed (n = 10), encouraged (n = 10), and
criticized (n = 10). In each condition, participants repeated the task over the course of 1
hour while being timed and assessed for task accuracy, as a professional actor, portrayed
as a laparoscopic surgical expert, provided positive or negative feedback to the
participants based on the treatment condition. The actor did not observe or provide
feedback to the control group. Flinn et al. collected data on three objective measures of
stress and one subjective measure of stress prior to treatment, 20 minutes into treatment,
40 minutes into treatment, and posttreatment. Although analysis of the stress assessment
tool did not yield significant findings, post hoc analysis of the task performance data
showed a significant difference in task performance scores between the encouraged
condition and the criticized condition, with the criticized condition having the lowest task
scores. This study shows how a stress-related condition can adversely impact
performance on a surgical procedure. Thus, it is important to understand if environmental
stressors exist that can adversely affect performance when performing a skill such as
CPR.

Caffey, Crane, and Ireland (2016) conducted a study in which they examined 119
paramedic students’ levels of anxiety related to pharmacology concepts and simulations
using a pre- and post- Likert-type scale questionnaire. Caffey et al. recruited participants
from a university semester-long pharmacology class and measured participants’ feelings
about learning different pharmacology concepts and perceived levels of anxiety when

reviewing simulated cases studies based on real-life events. At the end of the semester
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course, the results showed high levels of anxiety on topics related to calculating
medication concentrations, recalling medication-related information specific to their
practice, and understanding prescribed patient medications. Caffey et al. concluded
pedagogical tools, such as mnemonics and concept maps, could increase learner
confidence on the topic. The relevance of this study to my study points to the way certain
subjects or topics may be more stress evoking than others related to learning, thus
affecting learning outcomes. For example, certain aspects of performing CPR may be
more stress evoking to individuals, such as when a patient’s ribs crack during the act of
performing compressions.

Hordacre, Immink, Ridding, and Hillier (2016) examined the effects of anxiety
and psychological stress on perceptual-motor learning in 36 adult participants by
examining how manipulated stress conditions affect learning. Hordacre et al. used a
pretest—posttest design and random assignment to compare a control group and a
treatment group on a mental arithmetic task. The treatment group received a more
complex task, which Hordacre et al. reported as causing high levels of stress and anxiety.
The control group completed the task at a lower level of complexity, and thus faced a
lower level of stress and anxiety. After completing the pretest math task, both groups
completed training on a timed fine motor task, followed by an assessment of performance
on the timed motor task during the posttest measurement period. Results showed the
treatment group performed more accurately on the fine motor test, which indicated that
heightened levels of stress and anxiety prior to training can enhance performance. Thus,

introducing stress prior to CPR training may enhance CPR performance.
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Lee and Cha (2017) explored nurses’ experience of performing CPR on patients
in a university medical center emergency department. Seventeen registered nurses
responded to an online advertisement to participate in the study. Lee and Cha employed a
naturalistic paradigm to describe the phenomenon of interest. Participant interviews,
which were recorded and transcribed verbatim, lasted between 40 and 90 minutes. During
interviews, participants responded to questions related to performing CPR. Four themes
emerged, of which three (pressure from the urgency of the CPR, becoming sharp
tempered in addressing personnel during CPR, and keeping psychological conflicts of
CPR patient care to oneself) included stress, tension, and anxiety components related to
performing CPR. Although the Lee and Cha noted that analysis of interview data did not
clearly indicate whether education can reduce CPR-related anxiety, they emphasized that
repetition with CPR training can enhance CPR performance. The three themes that
emerged, which included stress, tension, and anxiety components related to performing
CPR, helped to inform my study related to selecting anxiety as a factor that can affect
CPR performance.

Al-Ghareeb et al. (2017) conducted a meta-analysis to understand the influence of
anxiety on undergraduate health professionals during simulation-based learning activities
and the instruments used to measure anxiety. Criteria for selection included articles
between 1986 and 2016 in leading journals. Al-Ghareeb et al. found anxiety could lead to
enhanced or poor performance during simulation-based learning activities, which
included the use of different instruments to measure anxiety. The results of this meta-

analysis indicated anxiety can have a positive or negative effect on learning outcomes
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(Al-Ghareeb et al., 2017). Thus, anxiety experienced by individuals learning or

performing CPR could affect how well or poor they perform the CPR.

Using a biophysical challenge framework, Vine et al. (2013) examined the effect
of participants’ motor performance on a laparoscopic surgical task completed by 52 final-
year medical students inexperienced in the task. Vine et al. used a pretest—posttest design
to measure visual attention control and motor performance in a challenge condition
versus a threat condition (psychological stressors verbally introduced to the participants
during task completion). Vine et al. measured cardiovascular measurements, task
performance, and eye gaze measurements. The results of a regression analysis revealed
significant differences on task performance and less eye gaze, which indicates
interruptions to attentional processes may be less frequent when participants view the
task as a challenge versus a threat (Vine et al., 2013). If individuals view CPR as a
threatening task because they are not comfortable performing the task, they may not
perform as well. The results of this study provide some insight into how anxiety may
enhance or diminish CPR performance.

Although health care was the primary focus of the studies on anxiety and
performance discussed to this point, researchers have examined other professionals, such
as police officers, who also need to perform in stressful situations. Renden et al. (2014)
employed attentional control theory to provide a theoretical foundation for examining the
anxiety levels of 13 police officers while performing three different tasks. Participants
performed the tasks during a low-anxiety and a high-anxiety situation. Renden et al.

measured anxiety, mental effort, heart rate, and performance scores for each participant.
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The results of the study showed significant performance decreases, which included
exhibiting behaviors to avoid the situation, in the high-anxiety state compared to the low-
anxiety state (Renden et al., 2014). These results support the theory that high-anxiety
situations affect attentional systems, which is relevant to understanding the effects on
CPR performance during cardiac arrest care.

The studies reviewed on anxiety indicated how placing individuals in stressful
situations affects learning and motor performance (Al-Ghareeb et al., 2017; Caffey et al.,
2016; Flinn et al., 2015; Hordacre et al., 2016; Renden et al., 2014; Vine et al., 2013).
Cardiac arrest situations are typically stressful, which is important to note, as individuals
perform CPR during these stressful situations. Individual performance may improve
(Hordacre et al., 2016) or may decrease (Renden et al., 2014; Vine et al., 2013) during
stress conditions. However, according to Al-Ghareeb et al. (2017) and Hordacre et al.
(2016), anxiety may increase or decrease performance based on individually related
factors. As it remains uncertain how anxiety-related factors affect individual performance
during CPR, understanding anxiety related to learning CPR is important. Additionally, if
anxiety interrupts an individual’s normal attentional control processes during the act of
performing CPR in a real-life situation, providing CPR training in a more real-to-life
stressful situation may lead to better CPR performance.

Simulation Use in Non-Health-Care Industries

The use of simulation as an educational technology occurs in industries outside of

health care. For example, educators use simulation-based learning in high school

education (Berk et al., 2014), higher education (Drury-Grogan & Russ, 2013), the
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construction industry (Tichon & Diver, 2012), and law enforcement (Stanyon, Goodman,
& Whitehouse, 2014). Studies from these respective fields provided support for
simulation as a learning technology, which was important to my study because the
evidence supports the use of simulation technology as being beneficial for learning
purposes.

Berk et al. (2014) explored simulation as a method to promote interest in the
science, technology, engineering, and mathematics (STEM) fields, using self-efficacy
(Bandura, 1977) as the theoretical foundation. A convenience sample of 30 alumni of
Harvard Medical School’s MEDscience course between 2008 and 2012 responded to a
structured phone survey. During the 13-week MEDscience course, each student
participated in hands-on medical simulation with a simulation manikin, used problem-
based learning skills, and partook in classroom didactic sessions. Berk et al. reported 63%
of the participants enrolled in additional science or health classes as a result of their
simulation experience. Berk et al. recommended using simulation and classroom
education to promote STEM educational and career choices in high school students. The
result of the study provided support for using simulation as an educational technology.

Drury-Grogan and Russ (2013) explored the reactions of 51 junior-college-level
students to a business communication simulation as part of the business communication
curriculum. Experiential learning theory (Kolb, 1984) was the theoretical foundation for
the study. Drury-Grogan and Russ divided the participants into 10 groups, and each
group completed a series of eight table-top modules in which participants sat around a

table and reacted to scenarios during a 3-hour session. Postsimulation debriefings took



34

place in which participants recorded their learning outcomes in a written questionnaire.
Drury-Grogan and Russ transcribed and coded responses for analysis using NVivo.
Analysis revealed that participants described four outcomes achieved as a result of the
simulation experience: improved teamwork, insights into how the real business world
works, how to maintain composure, and how to enhance communication skills. The
findings supported using simulation for business education and provided an effective,
safe learning environment for students. The findings provided support for my study with
respect to demonstrating the validity of simulation as an effective learning methodology
and creating an environment in which individuals can practice CPR without harming
patients.

Tichon and Diver (2012) used a semistructured interview approach to report on
using simulation as a method for teaching entry-level heavy machinery operators. Fifty-
six construction trainees participated. A high-fidelity simulator, which is a simulator that
provides a highly realistic learning experience, provided an experience that replicated the
use of heavy equipment. Participants received 1.5 days of high-fidelity simulation
training over a 6-week period, as part of their training. A usability and use evaluation,
based on a model developed by Lucas and Thabet (2008) provided the foundation for the
analysis. Tichon and Diver reported simulation-based training could provide beginners
with the opportunity to practice and gain the skills, attitudes, and behaviors required to
become equipment operators. The findings indicated high-fidelity simulation can be

useful for heavy equipment training.
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Stanyon et al. (2014) conducted a mixed method, quasi-experimental, pretest—
posttest study to determine the effectiveness of simulation-based experiences for police
officers learning about mental illness. Stanyon et al. administered questionnaires related
to mental illness knowledge to 51 Canadian police officers. The design included three
groups, of which two received mental illness education: a control group (rn = 18, no
mental illness education), a face-to-face education group (n = 16), and a simulation-based
education group (n = 17). An unbalanced two-way ANOVA revealed the two treatment
groups performed significantly better than the control group on the pretest—posttest
measure (F'=17.55, p <.004). Stanyon et al. coded and analyzed qualitative data
collected during the focus groups using NVivo. The qualitative analysis participants
agreed that additional mental illness education could lead to an increase in their
confidence, and the simulations were realistic for those in the simulation group. Stanyon
et al. concluded simulation is an effective method for training police officers in the area
of mental illness.

Examining simulation-related studies from fields outside of health care provided
evidence of the wide acceptance and benefit of this educational approach. Berk et al.
(2014), Stanyon et al. (2014), and Tichon and Diver (2012) employed approaches in
which they presented learning content using technology-based simulation to participants
over time. The findings are important as they served as support for the theoretical
foundation of distributed practice employed in my study. Additionally, the results of
these studies showed simulation-enhanced learning (Berk at al., 2014; Stanyon et al.,

2014; Tichon & Diver, 2012) and increased confidence (Stanyon et al., 2014). In addition
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to reporting the benefits of simulation-based learning, Drury-Grogan and Russ (2013)
found the simulation environment as a safe place for learning. This important finding
indicated that simulation-based learning can minimize learner anxiety during practice,
which leads to improved learning when compared to performing during real-life
situations.
Simulation Use in the Health Care Industry

Within the field of health care simulation-based learning activities are being used
in different disciplines as a form of educational technology. Educators can use simulation
technology to deliver educational content in a controlled, safe, and low-risk environment
compared to using real patients (Berndt, 2014; Gardner et al., 2016; Hayden, Smiley,
Alexander, Kardong-Edgren, & Jeffries, 2014; Singh et al., 2013; Stephenson, 2015).
Even though there are stated benefits for employing simulation technologies for learning
(Berndt, 2014; Cook et al., 2011, 2013; Gardner et al., 2016; Hayden et al., 2014;
Khalaila, 2014; Kim, Park, & Shin, 2016; Lee & Oh, 2015; Singh et al., 2013;
Stephenson, 2015; Sullivan et al., 2015; Ward et al., 2014), limitations related to using
simulation equipment do exist (Beischel, 2013; Coffey at al., 2015; Lin et al., 2016;
Maloney & Haines, 2016; Singh et al., 2013). However, the limitations of using
simulation-based technologies have not greatly affected their acceptance and expanded
use within the field of health care education and institutions of higher learning within
which simulation has gained wide acceptance.

During the eighth annual meeting of the Consortium of the American College of

Surgeons Accredited Education Institute, a multidisciplinary panel gathered to discuss the
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benefits of simulation for such events as disaster training, disease outbreaks, war, and
mass casualty events. The panel reported the benefits of simulation-based education to
prepare for such high-risk situations that do not occur frequently. Gardner et al. (2016)
noted researchers have shown that simulation-based experiences have appropriately
prepared surgeons with the knowledge and skill to practice safely and direct their teams
effectively in high-risk situations. Gardner et al. described high-risk situations as
complex, rapidly changing, ambiguous situations that could result in a need to manage
information overload, adverse physician conditions, performance pressures, time
limitations, situations disposed to error, and problems associated with working with a
team of diverse people. Simulation can help health care professionals cope with high-risk
situations more effectively (Gardner et al., 2016). Because cardiac arrest situations are
high risk, simulation should better prepare care providers to perform CPR skills.

Berndt (2014) conducted a meta-analysis, which included 17 English-only articles
published between 2007 and 2011. Berndt sought to provide evidence for using
simulation as an educational method for teaching safety-related skills to prelicensure
nursing students. The Rating System for the Hierarchy of Evidence (Melynk & Fineout-
Overhold, 2005) served as the method for critically evaluating the articles. Berndt found
using simulation as an educational method to be more effective than traditional lecture
alone. This review validated the use of simulation as an educational method for teaching
patient-safety-related skills to prelicensure nursing students, who were the participants in

my study.
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Ward et al. (2014) examined the perceived self-confidence of 41 speech-language

pathologists on their tracheostomy management skills. Ward et al. recruited participants
from public health settings who self-reported minimal to no tracheostomy skills. Each
participant completed a tracheostomy-related prereading and attended a 1-day simulation
training, which included partial task training and immersive simulation scenarios. The
focus of the pretest—posttest design that took place immediately after the training and 4
months posttraining was analyzing the use of technology-enhanced simulation as an
educational method for tracheostomy management training. A repeated ANOVA that
included a post hoc analysis showed an increase in the level of confidence of the speech-
language pathologists related to tracheostomy care (p <.05). Furthermore, Ward et al.
reported the level of confidence did not go down at the 4-month mark. Although Ward et
al. did not state a specific theoretical framework for the study, the results provide support
for using simulation-based training to learn the task of performing CPR, while
maintaining confidence up to 4 months posttraining,

Hayden et al. (2014) examined how learning transferred from the simulation
laboratory to clinical practice in a two-part longitudinal, multiple-site study. Hayden et al.
employed the NLN Jeffries Simulation Framework to ensure consistency in the
simulation scenarios and Debriefing for Meaningful Learning© (Dreifuerst, 2010) to
maintain uniformity in the debriefing process. Part 1 of the study included 666 nursing
student participants recruited from 10 prelicensure registered nursing programs
(associates or baccalaureate level) in the United States, randomly assigned to one of three

groups. The control group used up to 10% of its clinical hours for simulation, the first
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treatment group used 25% of its clinical hours in a simulation lab, and the second
treatment group used 50% of its clinical hours in a simulation lab. Outcome measures
assessed knowledge, competency, critical thinking, and perceptions of meeting learning
needs. No statistically significant differences existed between the control and the
treatment groups related to clinical competency (p = 0.688), comprehensive nursing
knowledge (p = 0.478), and National Council Licensure Examination (NCLEX®) pass
rates (p = 0.737; Hayden et al., 2014).

Part 2 of the study included 266 participants recruited from Part 1 of the study
(Hayden et al., 2014). Specifically, the second part of the study involved examining a
manager’s perspective on participants’ readiness for practice (participants’ manager
responded to the survey) and the participants’ self-assessment readiness for practice.
Hayden et al. employed an electronic survey method to collect data from the nurse and
manager participants at 6 weeks, 3 months, and 6 months after the participants started
their first registered nursing position. No statistically significant differences existed

during the survey time frames for managers’ ratings on readiness for practice (p =.706, p

S11, p=.527) or self-assessment ratings on readiness for practice (p = .35, p =.216,p

.033) as new registered nurses (Hayden et al., 2014).

The lack of statistical significance in Parts 1 and 2 of Hayden et al.’s (2014) study
bears relevance to the benefits of simulation-based learning for prelicensure nursing
students. Hayden et al. did not find a difference in NCLEX® pass rates between the
different groups. The results indicated simulation-based experiences prepared students’

content knowledge similarly to unit-based clinical experiences. In Part 2 of the study,
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Hayden et al. noted no difference in readiness for practice or self-rating scores between
the groups, which indicated simulation was as effective as unit-based patient care for
preparing new graduate nurses for clinical practice. Hayden et al. deduced that high-
quality simulation could replace up to 50% of the usual clinical hours in prelicensure
nursing programs. Therefore, simulation-based clinical learning experiences are as
valuable as real-life experiences for prelicensure student learning. Relating these results
to my study shows high-quality CPR simulations could be as effective for learning CPR
as learning during real-life situations.

Cook et al. (2011) completed a meta-analysis in which they sought to explain the
difference between learning outcomes for studies in which researchers employed
technology-enhanced simulation and those who did not. Cook et al. followed the
Preferred Reporting Items for Systematic Reviews and Meta-Analysis guidelines
(Liberati et al., 2009) for their analysis and identified 609 studies for inclusion. All
included studies included a focus on simulation use for training health professionals (at
any stage of practice) compared to a nonintervention control group. The studies also had
to include learning outcomes related to knowledge or skills acquisition, behavior
changes, or effect on patient care. The results of the analysis showed simulation training
leads to enhanced knowledge, skills, and behaviors in healthcare professionals (Cook et
al., 2011, p. 978). The results of the study provided support for using CPR training to
enhance knowledge, skills, and behaviors for those who need to perform CPR.

Cook, Brydges, Zendejas, Hamstra, and Hatala (2013) conducted a meta-analysis

of quantitative studies to examine the benefits of mastery learning using simulation-based
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medical education. Cook et al. employed the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis guidelines (Liberati et al., 2009) for their analysis and
identified 82 studies for inclusion. Technology-enhanced simulation, which includes
manikins, refers to a tool or device used to replicate a part of clinical care that learners
physically interact with for teaching or assessment purposes (Cook et al., 2013). Cook et
al. posited mastery learning incorporated educational methodologies that included
intellectual interactivity, feedback, learning repetition, and a greater amount of learner
time spent on the learning activity. The analysis revealed mastery learning incorporating
technology-enhanced simulation yielded improved learning outcomes for process-related
skills compared to not using a mastery learning model. Because the act of performing
CPR is a process-related skill, and current CPR training includes the components of
mastery learning, it would stand to reason simulation-based learning would enhance the
skills of those professionals needing to perform CPR.

Khalaila (2014) examined the influence of simulation-based learning on reducing
anxiety for a convenience sample of 61 second-year baccalaureate nursing students
enrolled in a Middle Eastern college. Khalaila used a pretest—posttest longitudinal design
and measured student anxiety prior to and after a simulation exercise using the 20-item
State-Trait Anxiety Inventory developed by Spielberg (1983). During a 3-month period in
which the participants partook in their first hospital-based clinical experience, they
completed two simulation days comprised of two to three daily simulation exercises that
were each 90-minutes long. Analysis revealed a significant decrease in anxiety for the

nursing students following simulation completion. The results of the study supported how
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simulation-based learning experiences can reduce anxiety prior to clinical practice. This
related to my study in that I expected CPR training would help to reduce anxiety during
training.

Lee and Oh (2015) conducted a meta-analysis to assess the effects of high-fidelity
simulation on cognitive, affective, and psychomotor learning outcomes. Lee and Oh used
the Preferred Reporting Items for Systematic Reviews and Meta-Analysis guidelines
(Liberati et al., 2009) and identified 26 studies for their review. Nursing students at
varying levels of academic progression comprised the sample of 26 studies. The results of
the meta-analysis showed high-fidelity simulation may have positive effects on the
acquisition of high-level cognitive skills and clinical skills. Although the analysis did not
support the development of knowledge as a result of simulation, it did show simulation-
based experiences allow nursing students to scrutinize their technical skills critically (Lee
& Oh, 2015). This finding is relevant to my study, as using CPR manikins for CPR
training allows individuals to evaluate and improve their own performance. Therefore,
improved performance during simulation-based training should lead to better CPR skill
performance in real-life situations.

Kim et al. (2016) examined quantitative studies to determine effect size for
simulation-based education and compared the effect sizes based on simulation fidelity
level. Kim et al. focused their meta-analysis on studies in nursing education and
identified 40 studies for inclusion. Results showed simulation-based learning in nursing
education is an effective teaching modality with an effect size of 0.70, and effect sizes

were highest for high-fidelity simulation (0.86) and medium-fidelity simulation (1.03).
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Kim et al. also reported an effect size of 1.03 for achieving psychomotor outcomes with
high-fidelity simulation. This meta-analysis supported the use of CPR manikins in my
study for achieving high levels of CPR performance during training sessions.

Although the support for employing simulation technology for teaching
professionals and students within the health care field is well documented (Berndt, 2014;
Cook et al., 2011, 2013; Gardner et al., 2016; Hayden et al., 2014; Khalaila, 2014; Kim et
al., 2016; Lee & Oh, 2015; Stephenson, 2015; Sullivan, et al., 2015; Ward et al., 2014),
researchers have also introduced factors that can influence simulation technology
effectiveness and use (Beischel, 2013; Coffey et al., 2016; Lin et al., 2016). Thus, it was
important for me to consider how variables, such as cost, simulation preparation,
learners’ readiness to learn, learners’ physical abilities, and body mass index, affect
simulation goals and outcomes.

Zendejas et al. (2013) conducted a meta-analysis on the economics of using
simulation-based learning for physician education. Zendejas et al. identified 59 studies in
which the researchers reported cost as an element in the study. The analysis revealed the
most frequently cited cost (42 out of 59 studies) related to simulation-based education
was simulator cost. These results indicated that cost is a factor related to using simulation
equipment. Although the study showed improved learning outcomes when using
simulation-based learning, the return on investment for simulation equipment purchases
is not that clear (Zendejas et al., 2013). Therefore, simulation equipment cost is a
consideration as it relates to learners having access to CPR manikin equipment for

practicing CPR skills. Although the cost of the CPR manikins in my study was not a
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factor, because the equipment did not need to be purchased, using a CPR training
approach that includes repetition could be cost prohibitive for organizations needing to
purchase many manikins.

Beischel (2013) conducted a mixed-methods study to test a hypothesized model
that evaluated learning variables on anxiety and cognitive learning outcomes with high-
fidelity simulation learning situations. One hundred twenty-four baccalaureate-level
nursing students enrolled in an entry-level nursing course at a Midwestern university
comprised the sample. Divided into groups of five to six, participants completed
presimulation questionnaires, assigned coursework, and a high-fidelity simulation
experience. Of the variables examined related to the participants, readiness to learn,
possessing a strong auditory—verbal learning style, and having sufficient preparation for
the simulation activity directly influenced anxiety. However, having hands-on and strong
auditory—verbal learning styles influenced learning outcomes. Beischel did not find that
anxiety affected cognitive learning outcomes. Beischel highlighted how different
variables can adversely affect the simulation learning experience, which is relevant to
understanding potential confounds in my study.

Coffey et al. (2015) conducted a pilot study that compared manikins and
simulated patients (individuals who act as patients) for the purposes of educating and
assessing health care workers. Coffey et al. compared verbal interaction (with a manikin
or simulated patient) and procedural-related touch (touching a manikin or simulated
patient) using two different scenarios for the high-fidelity manikin simulation situation

and simulated patient situation. Two teams of three people, who comprised a convenience
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sample recruited from a hospital in the United Kingdom, participated in the study. Each
team completed four scenarios, with each scenario repeated in the two simulated
conditions. The results indicated participants interacted more with the simulated patient
than with the simulation manikin. The use of a simulated patient in this study enhanced
the realism of the situation, which led to more authentic verbal interactions and
appropriate procedure-related touch. Although the sample in the study was a limitation,
the results showed manikin technologies may be inadequate for certain types of learning
needs that involve patient care. Thus, using simulation manikins for learning CPR could
be a limitation for enhancing high-quality CPR performance.

Lin et al. (2016) studied factors that affected emergency medical technicians’
ability to perform high-quality CPR. Using a Laerdal Resusci Anne® manikin, 95
participants recruited from two different county fire departments participated in the study.
Lin et al. focused on individual differences and found significant differences related to
emergency medical technicians’ board certification levels, body mass index, and exercise
frequency. A post hoc analysis of data obtained from a prior study (using the same
participant group) showed significant differences with body mass index and exercise
frequency related to being able to perform high-quality CPR on a manikin (Lin et al.,
2016). The results contradicted the notion that practicing CPR on a simulator leads to
enhanced CPR performance (Kim et al., 2016). The findings from Lin et al. indicated
individual differences (such as body mass index and exercise frequency) are important
factors to consider when evaluating a person’s ability to perform high-quality CPR.

Therefore, an important consideration for my study was that using CPR manikins to
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practice CPR may have an inherent limitation related to reaching a level of being able to
deliver high-quality CPR performance.

To address limitations related to the ability to perform high-quality CPR, an
individual can use mechanical chest compression devices to deliver continuous chest
compressions. Bonnes et al. (2016) conducted a meta-analysis to compare the benefits of
mechanical versus manual CPR with prehospital post-cardiac-arrest clinical outcomes.
Twenty studies comprised the sample for the analysis, and Bonnes et al. concluded
clinical outcomes did not differ between using manual versus mechanical CPR
compression. Using a mechanical device would minimize human limitations related to
high-quality CPR performance (such as CPR performance fatigue or inconsistency with
CPR compression rate and depth). However, given the lack of improvement between
mechanical CPR compressions and human-performed CPR compressions on patient
outcomes (Bonnes et al., 2016), the results further supported my examination of two
variables (repetition of CPR practice and anxiety) that may affect high-quality CPR
performance.

Gardner et al. (2016) noted simulation is a useful method for preparing health care
professionals to deal with high-risk situations. The notion of training for high-risk
situations directly relates to cardiac arrest events, which are high risk. Researchers have
shown that simulation is effective for building skills (Berndt, 2014; Gardner et al., 2016;
Hayden et al., 2014; Lee & Oh, 2015; Stephenson, 2015; Ward et al., 2014) and

knowledge (Cook et al., 2011; Gardner et al., 2016) for health care professionals and
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students. Enhanced confidence, skills, and psychomotor performance are important
proficiencies to possess when performing CPR.

Although some researchers showed limitations with simulation-based learning
(Beischel, 2013; Coffey et al., 2016; Lin et al., 2016; Maloney & Haines, 2016), Hayden
et al.’s (2014) results provided support for simulation-based learning being on par with
actual clinical care experience for nursing students. However, Stephenson (2015)
indicated that, without regularly practicing CPR skills, performance can decline.
Therefore, even with the empirical support for employing simulation technology, a single
simulation learning session will not result in long-term knowledge. While practicing CPR
on CPR manikins should result in enhanced psychomotor performance, the specific
frequency in which one must practice for maintaining CPR skills remains unknown.

Simulation Manikins: An Education Technology

The use of simulation technology for educational purposes has roots in the field of
aviation (Rosen, 2013; Singh et al., 2013). While the first modern-day simulator for
aviation dates to 1929 (Singh et al., 2013), educators in the field of health care only
started to use simulation in 1967 (Rosen, 2013). The health care field was slower to adopt
simulation use for educational purposes compared to the aviation industry, but mounting
evidence supports the benefits of using simulation manikins as an educational technology
for health care students and professionals (Al-Ghareeb & Cooper, 2016; Bingham, Sen,
Finn, & Cawley, 2015; Johnson et al., 2016; Spooner et al., 2012; Tellson et al., 2017).

However, some evidence shows that using CPR manikins for CPR training has
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limitations (Buléon et al., 2016; Kirkbright et al., 2014; Wanner, Osborne, & Greene,

2016; Wee et al., 2014).

Tivener and Gloe (2015) conducted a mixed methods study to understand the
effects of high-fidelity CPR simulation on knowledge, confidence, and emotions of
athletic training students. Twenty students enrolled in an accredited midwestern athletic
training program comprised the sample. All subjects participated in one high-fidelity
CPR simulation and filled an observer roll for two additional simulations. The pretest—
posttest results showed significant improvements in CPR knowledge and self-confidence.
Tivner and Gloe also found participants had a high level of anxiety, fear, and nervousness
prior to and after completing the simulation scenario. Although Tivener and Gloe
concluded high-fidelity simulation is an effective method for training athletic training
students, an anxiety-related component existed in the pretest and posttest data collection
phases. Therefore, Tivener and Gloe’s study helped to inform my study related to high-
fidelity simulation use and, from a design perspective, related the inclusion of anxiety as
a variable.

Johnson et at. (2016) investigated the benefit of feedback from automated CPR
feedback devices on CPR compression rate and depth during 2-minute CPR retraining
sessions. Employing a repeated measures design, 150 participants performed CPR
compressions on a Laerdal QCPR simulation manikin, which recorded compression rate
and depth. A convenience sample obtained from an Australian university hospital
included individuals who possessed basic life support certification and were either

licensed registered nurses, nursing students, or medical students. Participants completed a
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2-minute session and received performance feedback before completing a second 2-
minute training session. Johnson et al. found performance feedback significantly
improved performance between the two training sessions. Johnson et al.’s study
supported the idea that feedback on CPR performance leads to improved CPR
performance. This study was relevant to my research because it helped to inform my
study design.

Cheng et al. (2015) examined 324 health care providers’ perceptions of their own
CPR quality during a simulated cardiac arrest. Randomized into one of four different
groups, two groups included those who received just-in-time training with or without
real-time visual CPR feedback. The other two groups did not receive just-in-time training
with or without real-time visual (control group) CPR feedback. Participants included
nurses, medical students, resident physicians, and attending physicians. Cheng et al.
found that real-time CPR feedback either alone or in combination with just-in-time
training significantly improved perceptions of CPR depth. Participant perceptions
improved, but actual accuracy of the perceptions was poor. The results showed CPR
performance perceptions did not accurately relate to CPR performance, which was
important to my study because I used a real-time CPR feedback device in my study.

Wanner et al. (2016) examined the benefits of using a homemade CPR mannequin
and online video-based training on CPR skills. Twenty-four participants recruited from a
college of osteopathic medicine in the northeastern United States enrolled in the study.
Twelve participants possessed a current CPR certification, and the other 12 participants

had never been CPR trained. Participants viewed a 6-minute online video and practiced
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on a manikin they replicated at home, according to researcher guidelines, using a towel,
toilet paper roll, and t-shirt. Wanner et al. employed a parallel design with pretest and
posttest CPR skills evaluation for the study. Although the results showed improvements
in some skills among both groups, chest compression depth for both groups did not
improve. Even though Wanner et al. created a low-cost, low-fidelity CPR manikin to
mitigate cost, chest compression depth is an important component of high-quality CPR
and the results reinforced the benefits related to using real-time higher cost CPR feedback
manikins or devices to learn CPR skills.

Al-Ghareeb and Cooper (2016) conducted a literature review to explore studies
that identified impediments and enablers for using high-fidelity simulation manikins in
undergraduate nursing education. Using the Critical Appraisal Skills Programme criteria
(Public Health Resource Unit, 2012), 21 studies met the criteria for inclusion in the
review. Al-Ghareeb and Cooper identified common themes between the studies and
found simulation is effective for knowledge acquisition, development of critical thinking
skills, and improving student satisfaction with learning. Al-Ghareeb and Cooper also
identified impediments to simulation use, which broadly included lack of time to use
technology, lack of technology training, lack of financial support for equipment
purchases, and increased workload as a result of incorporating technology into the
educational curriculum. Although this review provided support for the learning benefits
related to simulation technology, it also called out potential limitations that can adversely
affect learner use. The conclusions in the review were relevant to my study in that

simulation is an effective method for teaching. However, there were also impediments
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that could affect widespread use of manikin technology for CPR training, such as lack of
time to use technology and lack of funding to purchase simulation equipment.

Bingham et al. (2015) examined 149 pharmacy students’ ability to retain
advanced cardiac life support knowledge and skills with the use of high-fidelity
simulation mannequins. Participants recruited from a pharmacy program in Pennsylvania,
and randomly assigned to 36 teams comprised of five to six people each, took part in a
simulated cardiac arrest situation. Bingham et al. used a checklist to evaluate the
students’ skills and manikin survival or death during the simulation scenario, during
which proper care resulted in manikin survival. Twenty-three of the 149 pharmacy
students had participated in an advanced cardiac life support training course 120 days
prior to the study. A facilitator, who portrayed the role of a physician, created an
emergency-like situation through verbal interactions with the team during the simulation.
Although the authors did not find significant differences between the groups, they noted
manikin survival was 37% higher for the groups that had a student with prior advanced
cardiac life support training. The results relating to enhanced manikin survival provide
supported for a simulation-based approach for using repetition with CPR training, which
is the approach used in my study.

Tellson et al. (2017) examined the use of three CPR manikins (normal size, obese
size, morbidly obese size) on health care providers’ ability to perform high-quality CPR.
CPR manikins, which are described as normal sized adult, tend to mimic the common
size of a female body. Tellson et al. created obese and morbidly obese manikins based on

the body casts of individuals who met body mass index criteria for the two categories.
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The participants included 61 health care professionals who were from a hospital in Texas.
Each participant performed 60 compressions (two cycles of 15 compressions) on each
manikin at a rate of 100 compressions per minute, with a depth of 2 inches, and a 5-
second pause between each cycle. The manikins provided performance measurements for
each participant and results showed CPR performance on the normal manikin was
significantly better than both the obese (p =.0001) and morbidly obese manikins (p =
.0001). Tellson et al. indicated about 70% of adults in the United States are overweight,
which is important to note when determining whether CPR training manikins are
adequate to prepare care providers for providing CPR in real life.

Buléon et al. (2016) examined the impact of continuous CPR chest compression
cycles over a 10-minute period on CPR manikins with and without the use of a CPR
feedback device. Sixty health care professionals, recruited from a university medical
center-based emergency ambulance service, comprised the study group. Buléon et al.
employed a Laerdal Resusci Anne® and CPRmeter as a CPR manikin and CPR feedback
device, respectively. The CPRmeter, which is a small puck-like device that goes over the
CPR compression point on the manikin’s chest, provides real time chest compression
feedback to the individual performing CPR. Using a randomized crossover study design,
the results showed the average rate of proper chest compressions was significantly better
in the group that received real-time feedback from the CPRmeter. This finding brings into
question the benefit of manikin use for high-quality CPR training, in that real-time CPR

feedback may have a greater impact on CPR performance than practicing on a manikin.
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The results of this study were important considerations for my study, as they indicated
that frequency for CPR practice on CPR manikins may not affect CPR performance.

Kirkbright et al. (2013) conducted a systematic review and meta-analysis of
studies related to CPR performance by health care providers who used audiovisual
feedback devices in simulated and actual cardiac arrest situations. Kirkbright et al.
identified 17 studies in which the researchers used manikins and three studies in which
the researchers used actual patients. Although the results showed chest-compression
quality can be closer to American Heart Association CPR guidelines by using real-time
audiovisual feedback devices, Kirkbright et al. noted significant clinical heterogeneity
existed between the studies, which was a limitation for the study. The goal of performing
high-quality CPR is to perform in accordance with American Heart Association
guidelines. Therefore, the analysis showed the delivery of CPR performance is more
consistent when using CPR feedback devices, which results in high-quality CPR chest
compressions. This analysis supported the finding of Buléon et al. (2016), which
indicated that real-time CPR feedback devices provide more consistent CPR performance
versus CPR training alone. Kirkbright et al.’s findings highlighted the notion that
frequency of CPR manikin training alone may not lead to individuals being able to
perform high-quality CPR.

In another study by Wee et al. (2014), the use of an automated external
defibrillator provided CPR feedback to participants when performing CPR on a CPR
manikin. A Zoll E Series Defibrillater provided performance feedback to the 209

registered nurses and health care assistants recruited from a Singapore dialysis company
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who enrolled in the study. Participants performed five cycles of 30 chest compressions at
a rate of 90 to 110 compressions per minute. The results showed CPR feedback devices
significantly enhanced chest compression depth and chest compression rate for
participants. Wee et al. concluded CPR feedback devices enhance CPR performance
during training; however, more research is necessary related to generalizing these results
to patient care outcomes. The study supported the results from Kirkbridget et al. (2013)
and Buléon et al. (2016) that indicated real-time CPR feedback devices provide more
consistent performance of high-quality CPR.

Yeung, Davies, Gao, and Perkins (2014) examined the effectiveness of different
CPR feedback devices and compression prompt devices on CPR chest compression
quality. One hundred one participants, recruited from an intermediate life support course
in England, completed the study. The devices compared in the study were a simple
metronome (a device that provides auditory compression rate tones), a pressure sensor
with a metronome device (provides real-time compression depth feedback and an
auditory rate tone), and an accelerometer device integrated into a Phillips MX CQPR
defibrillator (a device that uses a pressure meter to provide visual feedback on CPR
compression rate and depth). Participants randomly assigned to the control or one of the
three device groups completed 2 minutes of CPR on a Laerdal Resusci Anne Advanced
SkillTrainer® manikin to establish baseline performance. The participants rested for 1
hour and then performed 2 minutes of CPR with their assigned prompt or feedback
device (the control group performed CPR on the manikin without any CPR performance

device). Yeung et al. found the pressure-sensing devices statistically improved
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compression depth and the devices with auditory feedback significantly reduced the
compression rate at baseline to the desired rate of 100 during treatment phase. These
results highlighted the importance of using compression-sensing feedback equipment in
my study to measure CPR performance.

Although mounting evidence shows real-time CPR feedback devices can enhance
CPR performance (Buleon et al., 2016; Kirkbright et al., 2013; Wee et al., 2014; Yeung
et al., 2014), Sheak et al. (2015) examined the benefit of end-tidal carbon dioxide
monitoring (waveform capnography to measure blood flow) in relationship to CPR
quality. Data collected for the study (using Philips MRx QCPR Defibrillators with carbon
dioxide monitoring and event recording) originated from hospitals and prehospital care
providers throughout the United States. Five hundred eighty-three cardiac arrest
situations occurring in a prehospital or hospital setting met criteria for inclusion in the
analysis. Sheak et al. found that CPR chest compression depth significantly predicted an
increase in end-tidal carbon dioxide levels, thus providing another CPR physiological
measure to gauge CPR performance. These findings are important as an individualized
patient-focused method for ensuring the delivery of high-quality CPR. The CPR
technology in my study did not include end-tidal carbon dioxide monitoring; however,
the results of Sheak et al.’s study may help to highlight limitations with CPR educational
technology and generalizability to real-world practice.

Research supports the use of simulation manikins as an educational technology
for learning CPR-related skills and for other health-care-related knowledge (Al-Ghareeb

et al., 2016; Bingham et al., 2015; Spooner et al., 2012; Tellson et al., 2017). However,
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simulation technology specifically related to learning CPR skills does have limitations
(Buleon et al., 2016; Kirkbright et al., 2013; Wanner et al., 2016; Wee et al., 2014;
Zendejas et al., 2013). The results from Buléon et al. (2016), Kirkbright et al. (2013), and
Wee et al. (2014) showed the sole use of CPR manikins does not lead to health care
providers being able to deliver high-quality chest compressions during CPR. These
studies showed real-time CPR assist devices are more effective for health care providers
to perform high-quality CPR compared to using manikin technology alone. Thus, CPR
simulation manikins and CPR training may not provide an adequate learner experience
for health care professionals, which leads to the performance of high-quality CPR.
Evidence for a Distributed Practice and Manikin Use to Learn CPR Skills

Employing simulation technology with variable practice schedules for learning
CPR skills is well supported (Agel & Ahmad, 2014; Kwon, Kwon, & Lee, 2016; Niles et
al., 2017; Nori, Saghafinia, Motamedi, & Hosseini, 2012; Oermann et al., 2011; Sullivan
et al., 2015; Sutton et al., 2011). These researchers employed simulation manikins that
incorporate American Heart Association CPR guidelines to ensure training meets
accepted real-life practice guidelines. Although many of the studies reviewed do not
directly reference the distributed practice framework, the notion of using repetition in
practice to enhance learning is foundational to distributed practice.

Oermann et al. (2011) examined the effects of monthly CPR practice on nursing
students’ CPR psychomotor skills at 3-, 6-, 9-, and 12-month intervals. The participants
were 606 beginning nursing students from diploma, associate degree, and baccalaureate

nursing programs at 10 different schools. Oermann et al. randomly assigned participants
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to two groups: the control group received the American Heart Association basic life
support provider course, with no additional CPR training during the course of the study,
and the experimental group used the HeartCode™ American Heart Association basic life
support provider course with voice-activated CPR feedback manikins. Oermann et al.
employed a Laerdal Resusci Anne SkillReporter® CPR manikin to obtain CPR
performance metrics for both groups.

An independent ¢ test and Chi-square test provided the analysis of between-group
demographic variables between the control and experimental groups (Oermann et al.,
2011). The CPR outcome measures showed the control group’s ability to deliver
appropriate compression depth significantly decreased between 9 and 12 months (p =
.004). Oermann et al. (2011) reported CPR skills could improve with monthly practice
compared to the group that did not practice monthly. The findings in Oermann et al.’s
study provided support for using a monthly repeated-practice approach for learning CPR
skills.

Sutton et al. (2011) investigated the effectiveness of brief CPR training on CPR
skills retention for hospital pediatric providers (nurses and medical residents). Using a
Laerdal voice feedback manikin and a Philips external monitor defibrillator, Sutton et al.
randomly assigned 74 participants to one of four conditions: a control group, instructor-
only training (no manikin technology used), automated defibrillator monitor feedback
only, and automated defibrillator monitor feedback combined with instructor training.
Sutton et al. used a pretest—posttest longitudinal design and conducted sessions, with CPR

performance measured at baseline, 1 month, 3 months, and 6 months. Each session
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included a 60-second CPR pretraining evaluation, a 120-second CPR training session,
and a 60-second posttraining evaluation. The results showed retention of CPR skills more
likely improved with the training sessions at the 3-month (95% confidence interval [CI]:
1.1-4.5; p =.02) and 6-month (95% CI: 1.4-6.2; p = .05) marks. The study, which was
the first study completed on this topic, showed how brief training can aid in retaining
CPR skills, which provided support for using CPR manikins and the distributed practice
approach in my study.

Roh and Issenberg (2014) conducted a single-group posttest study to examine
CPR skills quality and whether relationships exist between CPR psychomotor skills with
self-efficacy and CPR knowledge. Participants included 124 second-year nursing students
partaking in an emergency department clinical rotation. Roh and Issenberg noted six
identical CPR training sessions, comprised of 20 or 21 participants per session, received
training during the data collection phase. Resuscitation self-efficacy assessment included
two items from a nursing instrument, and CPR knowledge assessment employed a 10-
item questionnaire. Roh and Issenberg used CPR manikins to measure CPR quality in
terms of American Heart Association metrics and guidelines. Of the 124 participants,
only one correctly performed five CPR cycles. No significant findings were noted for
CPR psychomotor quality among students. However, there were significant findings for
nursing students who performed chest compressions correctly with reported self-efficacy
(r=-.238, p =.008) and for self-efficacy and CPR knowledge (» = .303, p <.004).

Although compression skills were not significantly related to knowledge (» = -.060, p =



59

.510), the results emphasized the need to understand factors that may affect the
performance of high-quality CPR.

Nori et al. (2012) studied the retention of CPR cognitive knowledge and the
psychomotor skills of nurses following a CPR training course. Nori et al. employed a
quasi-experimental design and measured the knowledge and psychomotor skills of 112
nurse participants at four different points in time: before training, at the end of training,
10 weeks posttraining, and 2 years posttraining. All participants received a 2-hour
didactic training and 100 minutes of applied training on manikins. A 20-question multiple
choice questionnaire provided the CPR knowledge measure, and a CPR observant
checklist assessed psychomotor skills. Nori et al. used a repeated measures ANOVA
design to compare the mean scores during the four different measurement periods. Before
reporting results, Nori et al. noted 70 nurses did not complete the last stage of
measurement due to being transferred to other hospitals, which is a limitation related to
interpreting the data obtained 2 years posttraining. Nori et al. reported significant
differences between the stages of measurement for both the cognitive knowledge and
psychomotor skills components (p < .004 for both variables). However, mean scores for
the variables measured decreased during the third and fourth measurement periods, as
compared to pretest and immediate posttraining scores. The results of the study supported
the importance of repetition to develop CPR cognitive knowledge and CPR psychomotor
skills.

Kwon et al. (2016) completed a study in which they compared the effect of

massed learning and distributed practice approaches on motor sequential learning in
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healthy adults. Kwon et al. employed a pretest-midtest—posttest longitudinal design and
compared 30 participants randomly assigned to one of two groups. A computer-based
software program that involves using visual cues to measure response time and response
accuracy measured participants’ response time and response accuracy to a computer-
based serial reaction task (participants reacted to visual number cues and had to select an
appropriate response based on the task). The results showed a distributed practice
learning schedule is more effective for motor skill learning compared to a massed
learning approach. The findings lent support for the distributed practice framework
employed in my study, in that practice over time leads to better motor performance
compared to a single learning session. Furthermore, as performance of CPR involves
recalling learned motor skills, Kwon et al.’s study provided support for CPR training that
occurs in smaller sessions over time, which I employed in my study.

Agel and Ahmad (2014) used experiential learning theory as a foundation to
examine the use of high-fidelity simulators on 90 second-year University of Jordan
nursing students’ CPR knowledge, skills, acquisition, and retention. To participate,
students could not have any prior experience performing CPR on a patient or CPR during
a high-fidelity simulation. Participants were randomly assigned to one of two pretest—
posttest groups control group received a 4-hour American Heart Association class
consisting of a PowerPoint presentation and a CPR manikin demonstration. The treatment
group received the same content as the control group but included high-fidelity
simulation CPR training. Agel and Ahmad used ¢ tests to examine the differences

between groups and reported no significant differences in baseline CPR knowledge
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between the groups (p = .53). However, significant differences existed between the
groups for CPR knowledge (1 = -6.94, p <.004) and skills (z = -5.44, p <.004) in the
posttest condition, which indicates high-fidelity simulation enhances the acquisition and
retention of CPR knowledge and skills. Agel and Ahmad also found a significant
difference for knowledge retention 3 months posttraining (z = 8.05, p <.004), and both
groups experienced a significant loss of skills retention 3 months posttraining (z = -7.05,
p <.004). The study provided support for using high-fidelity CPR manikins to train for
cardiopulmonary arrest, indicated that CPR skills degradation occurs at 3 months, and
more frequent CPR training could provide a foundation for maintaining CPR skills.
Sullivan et al. (2015) conducted a randomized simulation-based study to examine
effectiveness and frequency of in situ training related to in-hospital cardiac arrest. Sixty-
six non-intensive-care nurses, randomly divided into four groups, completed the study.
The four groups included a control group and groups that received training every 2
months, 3 months, and 6 months. Sullivan et al. focused on the timeliness of initiation of
chest compressions and successful defibrillation after the initial call for help. A Kruskal-
Wallis test, using a Dunn/Bonferroni adjustment for significant findings, showed a
greater frequency of training yielded a decreased time to initiate chest compressions and
defibrillation for in-hospital cardiac arrest (p <.004). However, no significant differences
between the 2-month group and the 3-month group showed frequency of training as being
frequent enough to maintain CPR skills. Sullivan et al.’s findings provided support for

how repeated practice improved two specific components of responding to a cardiac
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arrest situation (decreased time to initiate chest compressions and defibrillation) and
indicated a 3-month period is suitable for spacing CPR training sessions.

Niles et al. (2017) examined the effectiveness of brief training sessions on CPR
manikins using a quasi-experimental longitudinal study with 37 nurses working at an
acute care children’s hospital in Philadelphia. Only nurses CPR certified within the
preceding 6 months participated in the study and any individuals who had exposure to
using real-time audiovisual CPR feedback were excluded. A Laerdal Resusci Anne
provided feedback on chest compression depth, compression rate, compression release,
and proper CPR hand placement. Participants completed a baseline CPR assessment and
then chest compression training every 2 to 3 months, for a total of 12 months, using
manikin feedback to reach high-quality CPR performance criteria. The results indicated
chest compression quality significantly improved at the 6-month mark over baseline, and
there was no difference between measurements at the 6-month and 12-month marks. This
study serves as evidence that brief CPR training that occurs every 2 to 3 months, using a
CPR manikin with feedback enhances chest compression quality. The finding that briefly
repeated CPR training using CPR training manikins can lead to improved CPR
performance was relevant to my study.

CPR is a task that requires cognitive knowledge and psychomotor skills to
perform it correctly. However, Roh and Issenberg (2014) did not find a significant
difference between CPR knowledge and CPR skill in nursing students, whereas Nori et

al. (2012) reported a significant increase in CPR knowledge and skill with repeated
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learning for licensed nurses. Therefore, cognitive knowledge may not be an important
factor in being able to perform CPR skills correctly.

Some researchers specifically addressed the frequency of repetition to learn the
psychomotor skills of CPR (Agel & Ahmad, 2014; Kwon et al., 2016; Niles et al., 2017;
Nori et al., 2012; Oermann et al., 2011; Sullivan et al., 2015; Sutton et al., 2011).
However, even with repetition in CPR training, knowledge and psychomotor skills
degrade over time (Aqel & Ahmad, 2014; Niles et al., 2017; Nori et al., 2012; Oermann
et al., 2011). The degradation in CPR psychomotor skills over time indicates the need to
understand specific training intervals for maximizing CPR skills retention, even though
studies show monthly CPR practice can enhance psychomotor performance (Oermann et
al., 2011; Roh & Issenberg, 2014).

Some studies involved student nurse participants and not licensed registered
nurses (Agel & Ahmad, 2014; Oermann et al., 2011; Roh & Issenberg, 2014), which is a
potential limitation, in that licensed nurses may not have the time available to practice
any skill on a monthly basis, unless mandated to do so by their employer. Practicing on a
monthly basis for every type of situation a nurse may encounter, whether a common
occurrence (such as listening to normal lung sounds) or not so common (such as
cardiopulmonary arrest), would be cost and time prohibitive. Therefore, even with
employing a distributed practice approach to learning, it may not be realistic to
operationalize monthly training to meet the vast array of educational needs of nurses.

Finally, in some of the studies reviewed, the researchers acknowledged financial

support from the Laerdal Corporation (Buléon et al., 2016; Niles et al., 2017; Oermann et
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al., 2011; Sutton et al., 2011). While the authors ethically declared the potential conflict,

the results provide support for the company to sell a product that incorporates repetition
to maintain CPR certification. Future studies should be independent from any simulation
company funding.

Syntheses of Literature Themes

The purpose of this section is to identify the major themes in this chapter. Neumar
et al. (2015) stated a gap exists between CPR training and the ability of individuals to
perform high-quality CPR in real life. Therefore, researchers need to examine factors that
potentially affect CPR performance to address the gap between CPR training and
performance. Major themes in the literature related to CPR training and transference of
skills to practice include the frequency in which individuals need to practice CPR, the use
of CPR training manikins for training nurses, and how anxiety affects learning.

The gap identified by Neumar et al. (2015) highlights how the lack of a
relationship between practicing a skill and being able to perform that skill at a later time
creates a fundamental problem for CPR training. Typically, individuals will obtain an
initial CPR certification and then recertify every 2 years to maintain their certification.
While the American Heart Association released a new method for maintaining CPR
certification (RQI®), which is based on 90-day recertification cycles, there is no research
that indicates this approach works (independent of other interventions). However, RQI®
was launched February 2015 (American Heart Association, 2018). Thus, the reason there
is no literature to reference could stem from the newness of the approach. From a

distributed practice framework perspective, increasing the frequency of certification
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training cycles should translate to enhancing CPR performance (Abe et al., 2013;
Abelsson et al., 2017; Kupper-Tetzel, 2014; Taylor et al., 2014).

CPR skills are one of many types of skills needed by nurses to maintain a
proficient level of readiness. Nurses need to be able to respond to a broad range of
clinical problems, some of which are rarely or never encountered during daily practice.
Training for events that do not occur frequently may occur yearly or even less frequently.
Research in the area of massed learning shows this approach is not effective for
knowledge acquisition (Kwon et al., 2016). Although studies show repetition of CPR
practice leads to enhanced CPR performance and skills (Aqel & Ahmad, 2014; Kwon et
al., 2016; Niles et al., 2017), the recommended frequencies to practice vary (Niles et al.,
2017; Oermann et al., 2011). The lack of specificity for CPR training frequency leads to a
need for a better understanding of the optimal time frame for repeating CPR training to
maintain CPR skills.

Research supports the use of simulation approaches for learning in the non-health-
care- and health-care-related fields (Agel & Ahmad, 2014; Tichon & Diver. 2012).
Simulation-based learning approaches are effective for preparing health care
professionals for high-risk situations (Gardner et al., 2016). Hayden et al. (2014)
described simulation-based learning as equivalent to actual clinical experience for
nursing students. The CPR studies reviewed in this chapter included CPR manikins for
examining different variables, such as time, that potentially affect CPR performance.
Oermann et al. (2011) and Sutton et al. (2011) conducted the first CPR-related studies

with CPR manikins that employed a distributed practice framework.
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CPR training-related studies often take place in simulated environments that do
not replicate the stress and chaos that can occur during real-life cardiac arrest situations.
Sullivan (2015) described the cardiac arrest situation in the hospital setting as high
anxiety and stress producing. Introducing anxiety into motor learning training sessions is
beneficial (Hordacre et al., 2016). Lee and Cha (2017) reported anxiety was a theme that
emerged related to the performance of CPR by nurses in their study. However, no
researchers identified studies that incorporated an anxiety-producing variable into CPR
training. Therefore, a CPR-training perspective warrants examining how the introduction
of anxiety-producing variables affect performance during CPR training.

Summary

Researchers have documented the use of simulation for enhancing learning
outcomes in fields outside health care (Berk et al., 2014; Stanyon et al., 2014; Tichon &
Diver, 2012). Within the field of health care, researchers have documented the benefits of
employing simulation-based technology for teaching health career students and
professionals (Agel & Ahmad, 2014; Berndt, 2014; Cook et al., 2011; Gardner et al.,
2016; Hayden et al., 2014; Lee & Oh, 2015; Stephenson, 2015; Ward et al., 2014). The
distributed practice framework supports the evidence that practicing CPR can lead to
better performance (Agel & Ahmad, 2014; Kwon et al., 2016; Niles et al., 2017; Nori et
al., 2012; Oermann et al., 2011; Sullivan et al., 2015; Sutton et al., 2011). However, the
frequency in which one must practice the skill of performing high-quality CPR to
maintain proficiency is as often as every month (Oermann et al., 2011). In the absence of

practicing CPR, skills diminish as early as 3 months (Aqel & Ahmad, 2014). The focus of
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studies on the topic is nursing students or medical students (Aqel & Ahmad, 2014;
Oermann et al., 2011; Roh & Issenberg, 2014); thus, the findings may not generalize to
licensed registered nurses.

Neumar et al. (2015) clearly indicated a gap exists between practice and real-life
CPR use. I believe this gap exists as a result of the different factors that can influence
CPR performance by health care professionals. The most optimal practice schedule for
maintaining CPR skills is still unknown, and evidence exists to support the benefit of
real-time feedback devices during simulated cardiac arrest situations (Buléon et al., 2016;
Kirkbright et al., 2013; Wee et al., 2014), which could negate the need for more frequent
CPR training. Evidence also shows an individual’s physical abilities have an impact on
CPR performance (Lin et al., 2016), which does not directly affect learning a skill.
Therefore, it is important to recognize factors that may positively or adversely affect CPR
performance and focus training efforts on performance factors that can improve through
education.

According to Sullivan (2015), cardiac arrest situations are high-stress and anxiety-
evoking events for health care providers. Therefore, it is important to understand how
anxiety affects learning CPR and being able to perform CPR skills. Introducing anxiety-
producing factors during a simulation activity may enhance (Hordacre et al., 2016) or
diminish the learning outcomes (Renden et al., 2014; Vine et al., 2013). Because it is not
a requirement to practice CPR under stress conditions to maintain a CPR certification,
changing practice conditions warrants specifically examining anxiety as a factor in

learning CPR.
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My research involved examining the knowledge gaps related to the frequency
required to maintain CPR skills and the ways an anxiety-producing factor affects learning
CPR skills when using CPR manikins. I focused on licensed registered nurses who do not
typically encounter cardiac arrest situations during their daily work activities. Thus,
augmenting research knowledge related to learning CPR skills, so high-quality CPR can
be delivered by nursing professionals, who typically do not perform CPR on patients. A
longitudinal repeated measures design was suitable, and a discussion on the

methodologies appears in Chapter 3.
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Chapter 3: Research Method

The purpose of this quantitative study was to examine the impact of CPR
performance feedback and hospital noises, as measured by the CSAQ, on the CPR
performance of medical and surgical acute care registered nurses working in a hospital
setting. Simulation CPR manikins are an educational technology used to enhance CPR
performance. Lee and Oh (2015) reported that when learning incorporates simulation,
students can scrutinize their technical skills and improve their cognitive and psychomotor
learning domains. Cook et al. (2011) stated that “technology-enhanced simulation
training in health professionals’ education is consistently associated with larger effects
for outcomes of knowledge, skills, and behaviors” (p. 978). The 2015 American Heart
Association guidelines includes a recommendation to use feedback devices to learn the
psychomotor skills of performing CPR (Neumar et al., 2015). The CPR simulation
manikins in the current study provided learner feedback through a Zoll Series R
defibrillator.

This chapter includes a description of the research methods, variables, and
rationale for employing the approach used for this study. Also presented is the
methodology related to the population studied. Descriptions of data collection and data
analysis, threats to validity, and ethical procedures are also included in this chapter.

Research Design and Rationale

This study included a randomized longitudinal experimental design. The rationale

for selecting the research design related to addressing the research questions. A research

design becomes a blueprint that researchers use to address problems and provides
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guidance during the stages of investigation (Frankfort-Nachmias, Nachmias, & DeWaard,
2015). The design choice (see Figure 1) was also consistent with the research presented
in Chapter 2. The quantitative approach selected allowed a statistical comparison between
the groups and over time. Data gathered from CPR manikin performance using the Zoll
Series R defibrillator and from the CSAQ required analysis to determine whether
relationships between the variables existed.

Exploration of the other major research approaches, which are qualitative and
mixed methods, revealed that these methods were not appropriate for this study.
Researchers employ a qualitative approach when they seek to collect data based on field
research or observation in a natural setting (Frankfort-Nachmias et al., 2015). A mixed-
methods approach includes more than one method or data type (Patton, 2002). Because I
examined relationships between variables and between groups, the quantitative design
was appropriate. The study included only one approach and data type; therefore, a mixed-

methods approach was not appropriate.
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Figure 1. The three-group longitudinal design employed for this study.
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The study variables included one dependent variable and two independent
variables. The dependent variable was CPR performance by nurses on a CPR manikin.
Measuring the dependent variable involved applying specially designed training pads for
the Zoll R Series defibrillator to a CPR manikin to measure performance metrics
according to the 2015 American Heart Association CPR guidelines. The guidelines for
acceptable CPR include a rate of 100—120 compressions per minute and a compression
depth of 2 to 2.4 inches. The participants who received CPR performance feedback could
look at the defibrillator monitor to determine whether their CPR performance was
meeting the American Hospital Association CPR guidelines. Participants who received
CPR performance feedback received auditory prompts to adjust CPR rate or compression
depth to meet American Heart Association CPR guidelines.

The independent variables were CPR feedback (provided by a Zoll R Series
defibrillator) and the use of a hospital-noises audio rendering. I played the audio-rendered
portion of a simulated cardiac arrest situation video developed by researchers from the
Kaiser Permanente School of Anesthesia (2016) loudly (at a maximum volume using an
Acer computer and Logitech 5-150 external speakers) for treatment groups to evoke a
realistic environment in which nurses perform CPR (see Appendix A for permission to
use the video/audio rendering). To examine the effect of time on CPR performance, I
repeated the exercise two additional times and collected the performance data at 30 and
60 days after measuring the baseline. The rationale for repeating the exercise at 30 and 60
days related to the distributed practice framework that posits that learning occurs over

time with repetition (see Gerbier & Toppino, 2015).
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There were two potential constraints with this design choice. The first constraint
related to participant attrition throughout the study. Because this study took place over 60
days, it was possible that all participants might not have completed the study. The second
constraint related to the possibility of equipment failure during the measurement periods
of the study. Failure of the CPR manikin, Zoll Series R defibrillator, or audio player
could have adversely affected data collection and subsequent results.

Methodology

The population for this study included licensed medical and surgical acute care
registered nurses working at one of two community hospitals that were part of a single
state health care system located in the Northeastern United States. All participants had
registered nurse licensure in the state, which was employer verified through the
employment process to work at the hospital. I limited the sample to medical and surgical
acute care nurses who had a current basic life support certification and who had not
performed CPR on a patient or CPR manikin within the 90 days preceding their initial
participation in the study. Limiting the sample as described reduced the test-retest effect.

The study included a simple random sampling strategy that afforded every
individual in the population the chance of being selected for the study and for any
participant group. The population of medical and surgical acute care nurses at the two
hospitals was approximately 650. Limiting the sample to a specific population of nurses,
specifically medical and surgical acute care nurses, reduced the selection threat to

internal validity. For example, if other nursing specialties, such as critical care nurses,
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had participated in the study, it would have been hard to discern whether performance
differences were due to training or prior experience.

Data collection took place in a room at the hospital that I reserved. Data collection
included completing the surveys and CPR performance. When individuals agreed to be a
participant, they created a unique identifier and completed the first round of data
collection. I also informed the participant that data collection would occur 30 days and 60
days later in the same area where the first phase of data collection occurred.

The baseline measurement phase ended after achieving the desired sample size for
the study. The subsequent measurement phases (30 days postbaseline and 60 days
postbaseline) occurred over a 4-day period during scheduled blocks of time. Participants
were permitted to show up to complete a phase at any point during the scheduled times.
The estimated time for each individual to complete a measurement phase was 57
minutes, which included spending 2 minutes of CPR on the manikin and completing the
CSAQ. Approximately 5 additional minutes were necessary during the first measurement
phase to complete a demographic questionnaire. To help participants remember their
scheduled session, I sent e-mail reminders to the participants if the participant wanted to
receive an e-mail. No association existed between the e-mail address and any data
collected during the study.

The tool used to calculate the sample size for this study was G*Power 3.1 (see
Faul, Erdfelder, Lang, & Buchner, 2009). The input parameters for the analysis were.25
(effect size), .05 one-tailed (a level), 0.80 (power), and 0.5 (correlation among repeated

measures). A priori power analysis revealed the total sample size for this study was 108
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participants. Using .80 as the level for the power in the sample size analysis is typical for
the quantitative method used in this study (see Campbell & Thompson, 2002; Cohen,
1992). The sample size selected was 120 participants to allow for participant attrition
over the course of the study. Increasing the sample size above the minimum value of 108
helped to preserve the statistical integrity of the study by allowing up to an 11% attrition
rate.

I recruited participants at the hospital site. Communications to potential
participants included announcements made verbally at staff huddles and nursing
department meetings and the distribution of flyers. There was no obligation to participate
in the study, and participation would not affect participants’ employment in any way. All
participants received a random assignment to one of the three groups (control, Treatment
Group 1, or Treatment Group 2) after completion of the baseline phase. The control
group did not receive CPR performance feedback and were not subject to the loud audio
clip. Treatment Group 1 did not receive CPR feedback but was subject to the loud audio
clip. Treatment Group 2 was subject to the loud audio clip during CPR performance and
received CPR feedback.

All participants who agreed to participate in the study signed an informed consent
document at the time they agreed to participate and prior to any research activities
commencing. Each participant received a copy of the signed consent form. However,
fewer than 10 participants kept the consent form, and most indicated they did not want a
copy. I collected the consent forms at the time the participants signed them. The informed

consent form included a statement related to the option to withdraw from the study at any
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time without consequence. If a participant started the study and wanted to withdraw prior
to the last measurement phase, I engaged the participant to determine whether any change
was possible to the schedule to maintain the participant’s continued participation.

I collected data via a paper-and-pencil demographic questionnaire, the CSAQ (see
Appendix C), and CPR compression performance feedback via a Zoll R Series
defibrillator. At the completion of the study, I asked all participants if they had any
questions or concerns regarding the study. I informed participants that I would
communicate results in the aggregate and would not reference any individual-level data. I
shared the aggregate results by e-mail to any participant who provided an e-mail address
on a form completed separately from any study data.

After receiving institutional review board (IRB) approvals, I began recruitment
and data collection. Ninety-four nurses consented to participate, and I received
dissertation committee approval to start Phase 1. However, despite reminders sent to
participants, only eight of 50—60 nurses showed up to participate during the first three
data collection sessions. I stopped data collection due to the low participation rate. I
received verbal communications from the hospital president, chief nursing officer, and
two staff educators advising that the hospital was extremely busy during the Phase 1 data
collection time. I also heard from participants via e-mail or verbally that they had
forgotten to show up during the day they signed up to participate. Based on these issues, |
proposed and submitted modifications to participant recruitment and data collection

methods for approval by the two IRBs.
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Modifications to the study protocol included changing the criteria for participant
inclusion to 30 days (from 90 days) for the length of time since last performing CPR on a
patient or for recertifying CPR, including an additional questionnaire used in Phases 2
and 3 regarding CPR performance (see Appendix C), using a room on or near the nursing
units in which the participants were working, incorporating a second hospital (from the
same health system) in the sample, revising the informed consent to include the requested
study modifications, and distributing a new flyer for the additional facility for collecting
data. I also appeared on the nursing units to remind participants about data collection on
the data collection days.

I requested modifications to the study protocol as a means to increase the rate in
which individuals participated in the data collection phases of the study. One of the
modifications included the addition of a second hospital site, which increased the
potential participant pool to 650. Additionally, moving data collection onto the unit in
which the participants were working made it easier for the nurses to take a quick break
from their daily routine to participate. Furthermore, my presence on the unit served as a
direct reminder to the participants at the postbaseline data collection times about their
continued participation.

After receiving approval from both IRBs to proceed with the study by employing
the new procedures, I started to recruit participants again. The new population of
participants included some individuals who signed up for the initial study. I recruited
participants and collected Phase 1 data after an individual consented to being in the study.

By implementing a rolling calendar approach for scheduling postbaseline data collection,
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I was able to collect data on different nursing units at different times and maintain a
schedule for when postbaseline data collection would occur for participants by unit. By
employing the new protocol methods, I obtained a sample size of 120 for Phase 1.
Additionally, I placed a portable table against a wall for stability and placed two
nonslip pads under the table legs nearest to the participant to minimize table movement
and to ensure a consistent height for placement of the CPR manikin. To minimize the
movement of the manikin during compressions, I placed a nonslip pad under the manikin

on the table. Figure 2 is a picture of the table and the setup of the equipment used.

Figure 2. Setup showing the CPR manikin, portable table, nonslip material under the
CPR manikin and front table legs, and Zoll Series R defibrillator on the table.

Instrumentation and Operationalization of Constructs
I developed and used a demographic questionnaire for collecting information
from all participants (see Appendix C). Collecting demographic data allowed me to

gather descriptive data of the individual factors of participants that might have had an
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effect on the dependent variable. The study involved using the CSAQ (Calvo et al., 1990)

to measure the anxiety level of participants just after performing CPR on a manikin. The
anxiety survey contained 20 items divided into the cognitive anxiety and somatic anxiety
subscales, with 10 items each (Calvo et al., 1990). The factor loadings for the cognitive
anxiety subscale ranged from .51 to .82, and the factor loadings for the somatic anxiety
subscale ranged from .56 to .87 (Calvo et al., 1990). The alpha coefficient for internal
consistency was .88 for the cognitive subscale and .86 for the somatic subscale; in
addition, the correlation between the cognitive and the somatic subscales was .66 (Calvo
et al., 1990).

According to Frankfort-Nachmias et al. (2015), factors values range from 0 to 1.0,
with 1.0 being the highest amount of variance accounted for in the model. Thus, with
subscale coefficients of .88 and .87, 88% and 87% of the variance was accounted for in
the cognitive anxiety subscale and in the somatic subscale, respectively. I received
permission from the publisher, Elsevier, to employ the questionnaire (see Appendix D).

The CSAQ, a self-report instrument, was suitable for this study because it
provided a general measure of cognitive and somatic anxiety. Calvo et al. (1990)
validated the initial instrument with 156 participants during an evaluative aptitude test.
Calvo et al. created their scale based on 14 validated instruments, which resulted in 46
items, and removed all 13 items that had a correlation of .30 or lower on the trait scale of
the State-Trait Anxiety Inventory (Spielberger & Diaz-Guerrero, 1975). The remaining

33 items were subject to factor analyses with varimax rotations. I retained two final
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factors with eigenvalues greater than 1.5, which accounted for 60% of the total variance,
and I identified the final subscales of cognitive anxiety and somatic anxiety.

Researchers used the CSAQ (Calvo et al., 1990) in subsequent studies for
measuring self-reported levels of cognitive and somatic anxiety. Calvo and Cano-Vindel
(1997) administered the questionnaire to 136 undergraduate students to assess the
relationship between participants’ trait anxiety and emotional reactivity while being
subject to an evaluative stress task. Calvo and Cano-Vindel reported the alpha levels at
.88 for the cognitive subscale and .86 for the somatic subscale, and they found a
significant relationship existed between trait anxiety and scores on the CSAQ (p <.001).
Additionally, a relationship existed between trait anxiety (during the stress condition) and
higher levels of cognitive and somatic distress for the participants (p < .001).

In another study, Calvo and Miquel-Tobal (1998) employed the CSAQ to measure
self-reported levels of cognitive and somatic anxiety in 78 undergraduate students. Calvo
and Miquel-Tobal examined if participants low or high in trait and test anxiety reported
higher levels of self-reported cognitive and somatic anxiety. The alpha level for the
cognitive scale was .88, and the alpha level was .86 for the somatic scale (Calvo &
Miquel-Tobal, 1998). Levels of self-reported cognitive and somatic anxiety were higher
for participants high in trait and test anxiety (p < .01 for the cognitive scale and p < .02
for the somatic scale).

Researchers had used the CSAQ in past research to assess self-reported levels of
cognitive and somatic anxiety for participants (Calvo & Cano-Vinel, 1997; Calvo &

Miquel-Tobal, 1998). In both studies, significant relationships existed between the
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cognitive and somatic scales and the other variables. Due to the prior use of the CSAQ to
assess participant levels of cognitive and somatic anxiety under a stress induced
condition, the questionnaire was suitable for assessing participants’ cognitive and somatic
anxiety levels in the present study.

The variable manipulated during the treatment phases was whether a participant
received CPR performance feedback from a Zoll R Series defibrillator. The Zoll R Series
defibrillator included a CPR performance measurement capability based on American
Heart Association CPR guidelines. This defibrillator includes visual and auditory
feedback for the user related to compression rate and compression depth. Participants
who received CPR performance feedback from the Zoll R Series defibrillator were able
to evaluate and change their performance during CPR compressions. Those participants
who did not receive CPR feedback were not able to see the Zoll monitor and could not
hear any audio cues as I had turned them off. The other treatment variable related to
whether participants heard a loud audio clip of intensive-care-unit-type hospital noises
during CPR performance. The audio clip introduced typical sounds heard during a
hospital cardiac arrest situation to add a level of realism to the training simulation.

The dependent variable for this study was CPR performance by nurses. I obtained
the dependent variable measurement during the initial trial (baseline) and at two
additional trials 30 and 60 days postbaseline. The Zoll Series R defibrillator measured
CPR performance and provided a report on CPR performance metrics that was
downloadable to a jump drive. I analyzed the Zoll report as performance related to the

percentage of correct compressions delivered (between 100 and 120 compressions per
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minute) and the percentage of correct compressions delivered (at a depth of between 2
and 2.4 inches).

The study involved collecting and screening data from the CSAQ (Calvo et al.,
1990) and CPR performance metrics (from the Zoll R Series defibrillator) for
completeness. Incomplete data resulted in removing the participant from the analysis if a
statistical correction was not possible. All data analysis took place using R Version 3.4.3
(The R Foundation, 2017).

Research Questions and Hypotheses

Research Question 1: How do the participants’ demographic factors of age,
gender, and years of experience as a nurse relate to medical and surgical nurses’ ability to
perform CPR in accordance with American Heart Association national standards (as
measured by a Zoll R Series defibrillator) on a CPR training manikin?

Hol: The participant demographic factors of age, gender, and years of experience
as a nurse does not predict a medical and surgical nurses’ ability to perform CPR in
accordance with American Heart Association national standards (as measured by a Zoll R
Series defibrillator) on a CPR manikin.

Hal: The participant demographic factors of age, gender, and years of experience
as a nurse does predict a medical and surgical nurses’ ability to perform CPR in
accordance with American Heart Association national standards (as measured by a Zoll R
Series defibrillator) on a CPR manikin.

Research Question 2: What is the difference in medical and surgical nurses’

ability to perform CPR in accordance with American Heart Association national
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standards (as measured by a Zoll R Series defibrillator) on a CPR training manikin while
either receiving real-time CPR feedback (provided by a Zoll R Series defibrillator/CPR
feedback device) or not receiving any performance feedback?

Ho2: There is no difference in medical and surgical nurses’ ability to perform
CPR in accordance with American Heart Association national standards (as measured by
a Zoll R Series defibrillator) on a CPR training manikin while either receiving real-time
CPR feedback (provided by a Zoll R Series defibrillator/CPR feedback device) or not
receiving performance feedback.

HA2: There is a difference in medical and surgical nurses’ ability to perform CPR
in accordance with American Heart Association national standards (as measured by a
Zoll R Series defibrillator) on a CPR training manikin while either receiving real-time
CPR feedback (provided by a Zoll R Series defibrillator/CPR feedback device) or not
receiving performance feedback.

Research Question 3: How does the introduction of hospital noises during CPR
performance (as measured by the CSAQ) and real-time CPR performance feedback
(provided by a Zoll R Series defibrillator/CPR feedback device) predict medical and
surgical nurses’ ability to perform CPR in accordance with American Heart Association
national standards on a CPR training manikin?

Ho3: The introduction of hospital noises during CPR performance (as measured
by the CSAQ) and CPR performance scores (provided by a Zoll R Series

defibrillator/CPR feedback device) does not predict medical and surgical nurses’ ability
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to perform CPR in accordance with American Heart Association national standards on a
CPR training manikin.

HA3: The introduction of hospital noises during CPR performance (as measured
by the CSAQ) and CPR performance scores (provided by a Zoll R Series
defibrillator/CPR feedback device) predicts medical and surgical nurses’ ability to
perform CPR in accordance with American Heart Association national standards on a
CPR training manikin.

Research Question 4: What is the difference in medical and surgical nurses’
ability to perform CPR in accordance with American Heart Association national
standards (as measured by a Zoll R Series defibrillator) on a CPR manikin, while either
receiving or not receiving real-time CPR feedback (provided by a Zoll R Series
defibrillator/CPR feedback device) at 30 days and 60 days (postbaseline) compared to
baseline performance?

Ho4: There is no difference in medical and surgical nurses’ ability to perform
CPR in accordance with American Heart Association national standards (as measured by
a Zoll R Series defibrillator) on a CPR manikin, while either receiving or not receiving
real-time CPR feedback (provided by a Zoll R Series defibrillator/CPR feedback device)
at 30 days and 60 days (postbaseline) compared to baseline performance.

Ha4: There is a difference in medical and surgical nurses’ ability to perform CPR
in accordance with American Heart Association national standards (as measured by a

Zoll R Series defibrillator) on a CPR manikin, while either receiving or not receiving
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real-time CPR feedback (provided by a Zoll R Series defibrillator/CPR feedback device)

at 30 days and 60 days (postbaseline) compared to baseline performance.

Research Question 5: How does the introduction of hospital noises during CPR
performance (as measured by the CSAQ) and receiving or not receiving real-time CPR
performance feedback (provided by a Zoll R Series defibrillator/CPR feedback device)
predict medical and surgical nurses’ ability to perform CPR in accordance with American
Heart Association national standards (as measured by a Zoll R Series defibrillator) on a
CPR training manikin at 30 days and 60 days (postbaseline) when compared to baseline
performance?

Ho5: The introduction of hospital noises during CPR performance (as measured
by the CSAQ) and receiving or not receiving real-time CPR performance feedback
(provided by a Zoll R Series defibrillator/CPR feedback device) does not predict medical
and surgical nurses’ ability to perform CPR in accordance with American Heart
Association national standards on a CPR training manikin at 30 days and 60 days
(postbaseline) compared to baseline performance.

H\5: The introduction of hospital noises during CPR performance scores (as
measured by the CSAQ) and receiving or not receiving real-time CPR performance
feedback (provided by a Zoll R Series defibrillator/CPR feedback device) predicts
medical and surgical nurses’ ability to perform CPR in accordance with American Heart
Association national standards on a CPR training manikin, at 30 days and 60 days

(postbaseline) compared to baseline performance.
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After the explanatory analysis of the demographic data was complete, I described
the results and reported the information in Chapter 4. The purpose of this analysis was to
determine whether the demographic factors predicted CPR performance. The data in the
table include data ranges and percentages for categorical data. The data obtained from the
CSAQ were suitable for analysis and reporting as separate cognitive anxiety and somatic
anxiety scores. Because this questionnaire provided interval data on a 5-point Likert-type
scale a mean score was calculated. The CSAQ data, which is reported in Chapter 4,
showed the scores at the different measurement times. CPR performance metrics obtained
from the performance report showed measurements obtained for each participant via a
downloadable report from the Zoll R Series defibrillator reported as a percentage of
correctly delivered chest compression depth and a percentage of correctly delivered chest
compression rate. The data obtained from CPR performance appear in Chapter 4.

The three statistical tests employed for this study were a two-sample independent
¢ test, a regression analysis, and a two-way repeated measures ANOVA. The ¢ test
provided an analysis that led to an answer to Research Question 1. Researchers use a ¢
test to examine the “significance of a difference between means” (Frankfort-Nachmias et
al., 2015, p. 412). The two-way repeated measures ANOVA led to an answer to Research

Questions 2 and 4. A regression analysis addressed Research Questions 1, 3, and 5.
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[ Include in CPR Aggregate reports

Key indicators
Manual AutoPulse
Time to first compression:  00:00:05 T
Average time to shock after compressions stopped:  00:00:00 R
il Average time to compressions after shock delivered.  00:00.00 s
| hMean compression depth:  1.33in
tean compression rate:  152.88 cpm

rEnnre cASE e e - — I}
‘ Case duration:  00:02:16

Timein CPR:  00:02:00 (88.24 %)
Time notin CPR:  00:00:16 (11.76 %)

— CPR periods —— I

Manual AutoPulse
Time in compressions:  00:01:59 (9917 %) B

Time notin compressions:  00:00:01 (0.83 %) —
Compressions intarget 0,33 %

Depth
Standard dewviation:  0.32 in
Above targetzone: 0 (0.00 %)
Intargetzone: 3 (1.00 %)
Belowtarget zone: - 297 (99.00 %)
Rate:
Standard deviation:  11.45 cpm
Above target zone: - 294 (98.00 %)
Intargetzone: 2 (D.B7 %) i
Belowtarget zone: 4 {1.33 %) :

Figure 3. A sample of CPR performance feedback provided by the Zoll R Series
defibrillator, which measured CPR performance for all participants. Reprinted from
Rescuenet code review getting started guide: Software version 5.8.1 or newer, May 16,
2017, by Zoll Medical Corporation. Retrieved from https://www.zoll.com/ medical-
products/data-management/rescue-net-fire-ems/code-review. Copyright 2017 by Zoll
Medical Corporation. Picture taken by researcher.

According to Frankfort-Nachmias and Leon-Guerrero (2018), researchers use a
two-way repeated measures ANOVA or examining the effect of two or more treatments
on a dependent variable over time. Additionally, Frankfort-Nachmias and Leon-Guerrero
noted researchers use regression analysis when examining how independent variables
affect a single dependent variable. This study included three different analyses: the
demographic analysis, a two-way repeated measures ANOVA, and regression analysis. [

interpreted the results for the 7 test by assessing the significance of mean scores and

obtained an F statistic for the ANOVA, which was the ratio of within-group to between-
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group variance. Regression coefficients show the strength of the relationship the
independent variable has on the dependent variable (Frankfort-Nachmias & Leon-
Guerrero, 2018).

Threats to Validity

Researchers need to identify potential threats to validity to rule out the threats and
minimize or eliminate the potential invalidation that variables have on causal
relationships (Frankfort-Nachmias et al., 2015). The two categories of potential threats to
validity discussed were external validity and internal validity. Frankfort-Nachmias et al.
(2015) indicated external validity refers to the extent to which a researcher draws
conclusions that generalize to larger populations and different settings. Internal validity
refers to the ability to eliminate potential factors under study that account for changes in
dependent variable outcomes (Frankfort-Nachmias et al., 2015).

Frankfort-Nachmias et al. (2015) described two main issues with external
validity: representativeness of the sample and reactive arrangements. The participants did
not work in a critical care area or emergency department and thus did not typically need
to care for or work with patients who require cardiac arrest care. Although generalization
of the results to other nursing specializations (such as critical care) is a limitation, it is not
a limitation related to generalizing the results to other medical and surgical acute care
nurses. While reactive arrangements were a limitation in this study, being able to study
CPR performance in a controlled, live clinical situation was not possible. Therefore, this
study as well as others (Oermann et al., 2011; Roh & Issenberg, 2014) took place in

simulated or laboratory settings.
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I identified diffusion of treatment, experimental mortality, and testing as the three
primary potential threats to internal validity in this study. To address the potential
diffusion-of-treatment threat, I informed the groups not to discuss the study. The design
mitigated the potential testing threat because the measurement periods were 30 days
apart. Furthermore, recruiting a higher number of participants than identified in the power
analysis addressed the experimental mortality threat, so dropping out would not affect the
results.

Additionally, the participants worked in an acute care hospital, which may limit
generalizability to non-hospital-based care providers who need to perform CPR. As the
focus was hospital-based nurses, discussion regarding the results took place in the context
of the population studied. Lastly, content experts at the American Heart Association
evaluate CPR practices and can change them in the future. If guidelines were to change,
which would be beyond my control, the results of this study may not generalize to future
standards.

Ethical Procedures

The vice president of nursing at each hospital provided a letter of commitment
and each participant provided consent to participate prior to their participation in the
study. The Walden University (Approval no. 12-24-18-0451066) and the Catholic Health
System (Approval no. CHS/IRB/1839) IRBs approved the study. Participation in the
study was strictly voluntary, and participants were able to withdraw at any time without
any consequences. I maintained participant confidentiality at all times. The consent form

remained separate from survey forms and CPR performance reports. I stored all survey
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information at a private and locked location. Participants did not receive compensation
for their participation and their participation did not affect their employment in any way.
Data shared with the organization was done in the aggregate.

Data collection occurred through two different primary methods: survey related
(demographics questionnaire and CSAQ) and CPR performance on manikins. Because
this was a longitudinal study, I used unique identifiers for each participant. Data collected
only included the unique identifier and did not refer to individual names. To preserve the
integrity of the data collection process over time, all participants received a blank card on
which to write down their number and seal it in an envelope. Therefore, participants who
asked me for their unique identifier received the envelope with their identifier.
Participants would only open their envelope if they forgot their identifier. At the end of
the study, I shredded all envelopes.

The CSAQ (Calvo et al., 1990) data only referenced the unique participant
identifier. I entered all data into a Microsoft Excel spreadsheet and stored them on my
personal computer at home. The spreadsheet included data collected from the CSAQ and
CPR performance. Furthermore, the spreadsheet only included the unique identifier.
Survey and data information will remain stored for at least 5 years at my residence.

Summary

This study involved using a quantitative method to examine the impact of CPR
performance feedback and anxiety on CPR performance using CPR manikins in medical
and surgical acute care nurses. I used a repeated measures design to examine the potential

effects of the two variables over time. Participants consented to participating in the study



prior to starting any study-related data collection. Participants received a random
assignment to one of three groups: control, Treatment group 1, or Treatment Group 2.
Study participation required individuals to complete 2 minutes of CPR on a CPR
manikin, complete a demographic questionnaire, and complete the CSAQ. Walden
University and Catholic Health System IRBs approved the study and I treated all
participants in accordance with accepted ethical research standards. The results of this

study are in Chapter 4.
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Chapter 4: Results

The purpose of this study was to examine the impact of CPR performance
feedback and hospital noises, as measured by the Cognitive and Somatic Anxiety
Question, on CPR performance in medical and surgical acute care registered nurses
working in a hospital setting. The focus was using the research questions and hypotheses
to examine the impact of treatments on nurses’ ability to perform high-quality CPR on a
manikin. The research questions and hypotheses follow.

Research Questions and Hypotheses

Research Question 1: How do the participants’ demographic factors of age,
gender, and years of experience as a nurse relate to medical and surgical nurses’ ability to
perform CPR in accordance with American Heart Association national standards (as
measured by a Zoll R Series defibrillator) on a CPR training manikin?

Hol: The participant demographic factors of age, gender, and years of experience
as a nurse does not predict a medical and surgical nurses’ ability to perform CPR in
accordance with American Heart Association national standards (as measured by a Zoll R
Series defibrillator) on a CPR manikin.

Hal: The participant demographic factors of age, gender, and years of experience
as a nurse does predict a medical and surgical nurses’ ability to perform CPR in
accordance with American Heart Association national standards (as measured by a Zoll R
Series defibrillator) on a CPR manikin.

Research Question 2: What is the difference in medical and surgical nurses’

ability to perform CPR in accordance with American Heart Association national
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standards (as measured by a Zoll R Series defibrillator) on a CPR training manikin while
either receiving real-time CPR feedback (provided by a Zoll R Series defibrillator/CPR
feedback device) or not receiving any performance feedback?

Ho2: There is no difference in medical and surgical nurses’ ability to perform
CPR in accordance with American Heart Association national standards (as measured by
a Zoll R Series defibrillator) on a CPR training manikin while either receiving real-time
CPR feedback (provided by a Zoll R Series defibrillator/CPR feedback device) or not
receiving performance feedback.

HA2: There is a difference in medical and surgical nurses’ ability to perform CPR
in accordance with American Heart Association national standards (as measured by a
Zoll R Series defibrillator) on a CPR training manikin while either receiving real-time
CPR feedback (provided by a Zoll R Series defibrillator/CPR feedback device) or not
receiving performance feedback.

Research Question 3: How does the introduction of hospital noises during CPR
performance (as measured by the CSAQ) and real-time CPR performance feedback
(provided by a Zoll R Series defibrillator/CPR feedback device) predict medical and
surgical nurses’ ability to perform CPR in accordance with American Heart Association
national standards on a CPR training manikin?

Ho3: The introduction of hospital noises during CPR performance (as measured
by the CSAQ) and CPR performance scores (provided by a Zoll R Series

defibrillator/CPR feedback device) does not predict medical and surgical nurses’ ability
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to perform CPR in accordance with American Heart Association national standards on a
CPR training manikin.

HA3: The introduction of hospital noises during CPR performance (as measured
by the CSAQ) and CPR performance scores (provided by a Zoll R Series
defibrillator/CPR feedback device) predicts medical and surgical nurses’ ability to
perform CPR in accordance with American Heart Association national standards on a
CPR training manikin.

Research Question 4: What is the difference in medical and surgical nurses’
ability to perform CPR in accordance with American Heart Association national
standards (as measured by a Zoll R Series defibrillator) on a CPR manikin, while either
receiving or not receiving real-time CPR feedback (provided by a Zoll R Series
defibrillator/CPR feedback device) at 30 days and 60 days (postbaseline) compared to
baseline performance?

Ho4: There is no difference in medical and surgical nurses’ ability to perform
CPR in accordance with American Heart Association national standards (as measured by
a Zoll R Series defibrillator) on a CPR manikin, while either receiving or not receiving
real-time CPR feedback (provided by a Zoll R Series defibrillator/CPR feedback device)
at 30 days and 60 days (postbaseline) compared to baseline performance.

Ha4: There is a difference in medical and surgical nurses’ ability to perform CPR
in accordance with American Heart Association national standards (as measured by a

Zoll R Series defibrillator) on a CPR manikin, while either receiving or not receiving
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real-time CPR feedback (provided by a Zoll R Series defibrillator/CPR feedback device)

at 30 days and 60 days (postbaseline) compared to baseline performance.

Research Question 5: How does the introduction of hospital noises during CPR
performance (as measured by the CSAQ) and receiving or not receiving real-time CPR
performance feedback (provided by a Zoll R Series defibrillator/CPR feedback device)
predict medical and surgical nurses’ ability to perform CPR in accordance with American
Heart Association national standards (as measured by a Zoll R Series defibrillator) on a
CPR training manikin at 30 days and 60 days (postbaseline) when compared to baseline
performance?

Ho5: The introduction of hospital noises during CPR performance (as measured
by the CSAQ) and receiving or not receiving real-time CPR performance feedback
(provided by a Zoll R Series defibrillator/CPR feedback device) does not predict medical
and surgical nurses’ ability to perform CPR in accordance with American Heart
Association national standards on a CPR training manikin at 30 days and 60 days
(postbaseline) compared to baseline performance.

H\5: The introduction of hospital noises during CPR performance scores (as
measured by the CSAQ) and receiving or not receiving real-time CPR performance
feedback (provided by a Zoll R Series defibrillator/CPR feedback device) predicts
medical and surgical nurses’ ability to perform CPR in accordance with American Heart
Association national standards on a CPR training manikin, at 30 days and 60 days

(postbaseline) compared to baseline performance.
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Chapter 4 provides statistical results from this study. The chapter includes a
detailed description of the data collection process, discrepancies in data collection, and
the time frame for collecting data. The chapter also includes challenges to the data
collection process and a chapter summary.

Data Collection

Although I encountered initial challenges related to recruiting participants,
modifications to the recruitment process were submitted and approved by the IRBs.
Collecting data on a nursing unit involved focusing on specific nursing areas at a given
time for recruitment. This approach led to me being present on a nursing unit during each
data collection phase, which made it easier for nurses to step away from their care duties.
My presence also served as a physical reminder that data collection was taking place. It
took 30 days to complete Phase 1 of data collection, and the sample size achieved was
120. I noted on a personal calendar when data collection occurred on a given nursing unit
and at which hospital.

The time frame for data collection was 90 days, 60 of which occurred during
summer months. Phase 2 of data collection yielded a sample size of 80, and Phase 3
resulted in a sample size of 60. For the participants working 12-hour shifts, data
collection occurred at least 2.5 hours into a shift regardless of it being a day shift (7:00
a.m. to 7:00 p.m.) or night shift (7:00 p.m. to 7:00 a.m.). For participants working 8-hour
shifts, I coordinated data collection times with scheduled department meetings.

The population in this study included registered nurses working in a medical or

surgical nursing position at an acute care hospital. It is common for registered nurses
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working in these capacities in an acute care hospital to maintain a CPR credential as part
of their employment. I assumed that the population in this study represented a broader
group of nurses in the same practice area at other acute care hospitals.
Data Preparation

I conducted an ocular review of all data for completeness. There was no need to
track down any missing data. After completing the review, I created category ranges for
the following variables: years of experience as a nurse, average anxiety score, and
average percentage correct score of compression rate and compression depth (as
measured by the Zoll Series R defibrillator). The next steps involved entering the data
into a Microsoft Excel spreadsheet for input into R Version 3.4.3 and using the
participant code as a case number to track data across the study time frame.

I stored the CPR performance metrics on a removable flash storage card in the
Zoll Series R defibrillator and uploaded the data obtained from the defibrillator to an
Acer computer before deleting all data on the flash storage card. The data obtained from
the storage card and uploaded onto the computer underwent analysis for CPR
performance using a program called RescueNet Code Review, which was created by Zoll
Medical Corporation. The program reported the data as a percentage of time of correctly
performing compressions at a depth of 2 to 2.4 inches and a separate percentage of time
of correct compression rate between 100 and 120 compressions per minute. I marked a 2-
minute period of CPR performance time (from the start of compressions) for each time

that performance was measured, using the RescueNet software. The software would then
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calculate the performance metrics as the percentage done correctly. Marking the 2-minute
period was necessary for the software to analyze the period of performance.

Missing data occurred in responses to the anxiety questionnaire during the first
phase of data collection. Participants either circled two responses to a single item or left
an item blank. I eliminated items that contained missing data and based a mean anxiety
score on the remaining completed items. For example, if a participant completed only 19
out of 20 survey questions, the score was based on 19 items. This occurred nine times and
only during Phase 1. No participant missed more than two items on the questionnaire.

Administration of Treatments

The administration of the treatments occurred in rooms at each of the hospital
sites reserved for the study. As described in the methods section, the setup for the
manikin and Zoll Series R defibrillator was consistent for each data collection period.
During the data collection period, I was the only person present with the participant in the
room. | switched the settings on the Zoll Series R defibrillator to either provide feedback
or not provide feedback during the administration of the treatment conditions. I used an
Acer laptop computer connected via Wi-Fi to a free site-based service for streaming
hospital noise audio via external speakers.

Treatment and Intervention Fidelity

After the first phase of data collection was complete, participant attrition resulted
in 80 participants completing Phase 2 and 60 participants completing Phase 3.
Discussions with participants revealed several reasons for the attrition. Although I did not

compile qualitative data relating to the attrition, the reasons provided included an
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inability to continue due to medical reasons, lack of interest in continuing in the study,
being too busy to leave the patient’s bedside, and forgetting to participate in a data
collection phase. Many of the participants worked 12-hour shifts and were off duty for 5—
6 days at a time, which may have resulted in missing Phase 2 or 3 of data collection.
There may have been other reasons for the attrition because in some cases participants
did not show up for data collection and did not communicate with me.
Study Results

Descriptive Statistics

Phase 1 data collection ended with 120 participants. Females accounted for 111
(92.5%) of the participants. Phase 2 data collection ended with 80 participants, of whom
73 (91.1%) were female. The final phase of data collection ended with 60 participants, of
whom 55 (93.2%) were female. All participants reported that they had a valid CPR card,
had not been recertified or had not performed CPR on a patient in the preceding 30 days,
and had worked in an acute care hospital setting. Seventy-eight participants (65%) were
45 years old or younger. A breakdown of participants’ ages appears in Table 1.
Table 1

Age Ranges of Participants

Age range in years n %

<25 23 19.2
26-35 30 25.0
3645 25 20.8
46-55 15 11.7
56-65 26 21.7
+ 65 2 1.7

Note. n=120.
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Participants who reported 5 years of experience or fewer as a registered nurse
composed the largest subcategory of 41 individuals (34.2% of the total sample). The
second largest subcategory was 24 participants (20% of the total sample) who had 30 or
more years of experience as a registered nurse. Table 2 provides a breakdown of
participants’ nursing experience levels.

Table 2

Years of Experience as a Nurse

Years of experience as a nurse n %
<5 41 34.2
5-9 21 17.5
10-19 17 14.2
20-29 17 14.2
30 + 24 20.0

Note. n = 120.

Mean anxiety scores were grouped into ranges as shown in Table 3. The most
common mean anxiety scores were reported for the range of 1.51-2.0, which was a low
level of anxiety. Fifty individuals (41.7% of the sample) reported scores in the 1.51-2.0
range. Although the mean anxiety score could go as high as 5.0, no participants reported

levels that exceeded 4.01. Table 3 provides the reported anxiety levels of all participants.
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Table 3

Mean Anxiety Scores (at Baseline)

Mean anxiety scores n %
1.00-1.50 9 7.5
1.51-2.0 50 41.7
2.01-2.50 26 24.2
2.51-3.0 18 15.0
3.01-3.50 12 10.0
3.514.0 2 1.7
4.01-4.50 0 0.0
4.51-5.00 0 0.0

Note. n = 120.

The Zoll Series R defibrillator captured CPR performance data as two separate
performance metrics, a percentage of CPR rate and a percentage of CPR depth,
performed in accordance with American Heart Association guidelines. Addressing the
research questions of this study related to CPR performance, involved calculating a single
performance score of correctly performed CPR. The single performance score was an
average comprised of the percentage CPR depth and CPR rate correctly performed on a
manikin during a 2-minute session.

The basis for the performance ranges was approximately 10 percentage points.
The range of 50-50.9% had the highest number of participants at 22 individuals or 18.3%

of the sample. Table 4 includes additional findings related to all participants.
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Average Percentage Correct Performed for Compression Depth and Rate (at Baseline)

Correctly performed CPR compression

depth and rate (as an average) n %
0-9.9 7 5.8
10-19.9 6 5.0
20-29.9 9 7.5
30-39.9 9 7.5
40-49.9 12 10.0
50-59.9 22 18.3
60-69.9 14 11.7
70-79.9 15 12.5
80-89.9 15 12.5
90-100 11 9.2
Note. n = 120.

Additional descriptive statistical information appears in Figures 4 and 5. Figure 4

is a graphic representation of CPR performance over the course of the study and by

condition group. Figure 5 shows a scatter plot with a trend line comparing CPR

performance to mean anxiety scores at baseline.

Figure 4. CPR performance, as a mean percentage of CPR depth and CPR rate, in

Study Condition

Tl

Data collection phases

accordance with American Heart Association CPR guidelines, by treatment group during
data collection phases (baseline = 1, 30 days post baseline = 2, 60 days post baseline = 3).
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Statistical Assumptions

An evaluation of the assumptions for each statistical method employed showed no
violation of the analysis model. For each linear regression, I evaluated two major
assumptions: the mean of the residuals was near or at zero and there was
homoscedasticity of residuals. The plots (see Appendix E) show the spread of the
residuals was even above and below a horizontal line, which indicated a linear trend.
Additionally, the residuals are consistent with normal distribution. The models also
conformed with the assumptions of homoscedasticity at each level of the predictor
variable. Diagnostic plots testing the assumptions for the linear regressions are in
Appendix E. For the repeated measures ANOVA, the Greenhouse-Geisser (epsilon =

0.858) and Huynh-Feldt (6.93) statistics confirmed there was no bias in the results due to

sphericity.
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Research Findings

The focus of Research Question 1 was the influence of the demographic factors of
age, gender, and years of experience as a nurse on predicting CPR performance on a CPR
manikin. Evaluating the data for this question involved employing a linear regression.
The results of the analysis showed age group predicted CPR performance: for each
increase in age group level, CPR performance dropped by an estimated 5.2 percentage
points (p = .0007). Approximately 9.2% of the variance in CPR performance was
explained by age group (R2 =.0922). However, gender (p = .7824) and years of
experience as a nurse (p = .6262) did not predict participants’ CPR performance after
accounting for the effect of age. Therefore, I accepted the alternative hypothesis for age
group and rejected it for gender and years of experience as a nurse. Table 5 shows the
results of the linear regression analysis.
Table 5

Linear Regression of Demographic Factors with CPR Performance

SE
Model and Factors Estimate (estimate) t p R?

CPR = age group + years as RN + sex®

Age group -5.8496 2.8518  2.051 .0425

Years as RN 0.0842 0.3040 0.277 .7824 .0948

Sex -4.1083 8.4129  -0.488 .6262
CPR = age group®

Age group -5.191 1.500 -3.462 .0007 .0922

aF =4.407, df = (3,116), p = .0089. °F = 11.99, df = (1,118), p = .0007.
The process to answer Research Question 2 involved employing a
repeated measures ANOVA to examine if differences exist in medical or surgical nurses’

ability to perform CPR on a CPR manikin when receiving or not receiving real-time
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feedback. The results of the analysis showed a statistically significant difference between
participants who received CPR feedback and participants who did not, df (1,176), F =
11.35, p=.0009. Thus, I accepted the alternative hypothesis and rejected the null (see
Table 6).

Table 6

Repeated Measures ANOVA Output for Research Question 2

Model and Factor df  Sum square Mean square F p
CPR = feedback + error!

Feedback 1 8229 8229

Residuals 176 127633 725 1135 0.0009

The process to answer Research Question 3 involved examining if hospital noises
played during CPR performance (as measured by the CSAQ), while receiving CPR
feedback (provided by a Zoll Series R defibrillator), predicted CPR performance. The
analysis involved employing a linear regression model to address this research question.
The purpose of Phase 1 was to obtain baseline CPR performance data while receiving
feedback. As this phase did not include hospital sounds, I used the data collected during
Phase 2 for the analysis. The dummy variable created reflected when hospital noises were
played or not played (as a yes/no variable). A second regression model included the mean
anxiety scores as a measure of anxiety during the participants’ CPR performance, as the
underlying theory of introducing hospital noises was that the noises would induce
anxiety.

The results of this analysis showed hospital noises played during CPR

performance did not predict CPR performance (p = .4697). Additionally, the mean
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anxiety score did not predict CPR performance (p =.1118; see Table 7). I accepted the

null hypothesis for this question.
Table 7

Linear Regression for the Relationship Between Hospital Noises and CPR Ability (at 30
Days)

SE
Model and factor Estimate (estimate) t p R?

CPR = hospital noises + feedback

Hospital noises -5.683 7.821  -0.727 0.4697 0.062

Feedback 16.839 7.600 2216 0.0297
CPR = anxiety mean score + feedback

Anxiety mean -8.122 5.049  -1.608 0.1118 0.0863

Feedback 12.760 6.572 1.941 0.0559

Note. Number of observations equals 80.
aF =2.545,df (2,77), p = .0851. °F = 3.365, df (2,77), p = .0310.

The process to answer Research Question 4 involved examining the impact of
time on performance of CPR at 30 and 60 days compared to baseline measurement. A
repeated measures ANOVA provided the analysis for this question. The results of this
analysis showed performance did not statistically significantly change at 30 or 60 days
postbaseline, as indicated by the p value for the interaction term that tested for differing
trends over time for those who received feedback versus those who did not (p = .1640).
Although the variable feedback was significant (p = .0012) in the model, it was a fixed
effect and did not relate to the research question addressing the change over time. The
Greenhouse-Geisser (epsilon = 0.858) and Hynhd-Feldt (6.93) statistics showed
corrections were not necessary due to sphericity. Thus, I accepted the null hypothesis and

rejected the alternative hypothesis (see Table 8).
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Table 8

Repeated Measures ANOVA Output for Research Question 4

Sum Mean
Model and factor df  square  square F p
CPR = feedback * time + error!
Interaction between feedback and time
Feedback 1 7881 7881  10.803 0.0012
Time 1 60 60 0.083 0.7742
Feedback * time 1 1425 1425 1.954 0.1640
Residuals 172 125469 729

The process of examining Research Question 5 involved determining if hospital
noises played during CPR performance (as measured by the CSAQ), while receiving
CPR feedback (provided by a Zoll Series R defibrillator), predicted CPR performance at
30 days and 60 days postbaseline. The analysis involved employing a linear regression
model to address this research question. I created a dummy variable to reflect when
hospital noises were played or not played (as a yes/no variable). The regression model
included the mean anxiety scores as a measure of anxiety related to the playing of
hospital noises during the participants’ CPR performance

The results of this analysis showed that receiving hospital noises being played
during CPR performance did not predict CPR performance (p = .0929) at 30 days
postbaseline. The mean anxiety score did not predict CPR performance over time (p =
.561). Additionally, receiving feedback, regardless of being subjected to hospital noises
or not, did not predict CPR performance (p > .05) at 30 days postbaseline. Even though

feedback significantly predicted CPR performance in the model (p = .0012), it was a
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fixed effect and did not relate to the research question, which involved measurement over
time. Table 9 provides the results for this analysis.
Table 9

Linear Regression Examining Relationship Between Hospital Noises and Change in CPR
Ability (Baseline to 30 Days)

SE
Model and factor Estimate (estimate) ¢ p R?

CPR change = hospital noises + feedback?®

Hospital noises -14.345  8.430 -1.702 .0929 0514

Feedback 14.937 8.193  1.823 .0721°
CPR change = anxiety mean score + feedback®

Anxiety mean -3.275 5.605 -0.584 .561 0201

Feedback 7.497 7.296 1.028 307 °

Note. Number of observations equals 80.
aF =2.085, df (2,770), p = .1312. °F = 0.788, df (2,77), p = .4584.

The results of the analysis showed playing hospital noises during CPR
performance did not predict CPR performance (p = .4708) at 60 days postbaseline.
Furthermore, the mean anxiety score did predict CPR performance over time (p = .025).
Anxiety score and feedback together accounted for 26.5% of the variance in CPR
performance from baseline to 60 days (R*>= .265). Receiving feedback, whether subjected
to hospital noises or not, predicted CPR performance (p <.005). Table 10 shows the

results for this analysis.
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Table 10

Linear Regression Examining Relationship Between Hospital Noises and Change in CPR
Ability (Baseline to 60 Days)

SE
Model and factor Estimate (estimate) ¢ p R?

CPR change = hospital noises + feedback?®

Hospital noises 7.112 9.795 0.726 .4708 204

Feedback 26.941 9315 2.892 .0054 -
CPR change = anxiety mean score + feedback®

Anxiety mean 15.284 6.637 2.303 .0250 265

Feedback 32.306  7.809 4.137 .0001 °

Note. Number of observations equals 60.
bF=7.305, df (2,57), p = .0015. °F = 10.28, df (2,57), p = .0002.

I accepted the null hypotheses for the measurements at 30 days postbaseline. I
accepted the null hypothesis related to the introduction of hospital noise for 60 days
postbaseline. There was a significant finding for CPR feedback predicting CPR
performance at 60 days postbaseline (p =.0001). However, this was a fixed effect and not
related to the research question.

Summary

This study included five research questions on the factors being examined related
to registered nurses, working in a medical or surgical area at one of two acute care
hospitals, on their ability to perform CPR on a CPR manikin. For Research Question 1, I
accepted the alternative hypothesis for age, which showed age had a positive impact on
CPR performance. However, I accepted the null hypothesis for gender and years of
experience as a nurse. Research Question 2 showed a statistically significant difference
for nurses receiving feedback compared to those who did not; thus, I accepted the

alternative hypothesis. Research Question 4 showed no difference in CPR performance
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over time, and I accepted the null hypothesis. Research Questions 3 and 5 did not yield
any statistically significant findings; thus, I accepted the null hypotheses. Chapter 5
includes an interpretation of the results, limitations of the study, and recommendations

for future research.
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Chapter 5: Discussion

A gap exists between CPR training and the ability to deliver high-quality CPR
during real-life cardiac arrest events (Neumar et al., 2015). To address this gap,
researchers have recommended training methods employing the use of educational
technologies to enhance the individual performance of CPR (Neumar et al., 2015;
Oermann et al., 2011; Sutton et al., 2009). However, the gap exists even when using CPR
manikins that provide individualized performance feedback. The fact that CPR
performance has not greatly improved with the use of manikins as an educational
technology leads to questions regarding the benefit of such technology.

Using technology for an educational purpose does not guarantee learning occurs
(Lowyck, 2014). Additionally, Lowyck (2014) noted the education technology field
needs improved frameworks and more focused analysis related to the use of educational
technologies to learn how to use technology for teaching purposes. Nurses and others
who receive CPR training learn to perform CPR by practicing on a manikin while
receiving performance feedback. The frequency at which this training occurs can vary
from every 90 days to once every 2 years based on the different methods available for
maintaining CPR credentials through organizations such as the American Heart
Association.

Interpretation of the Findings

Researchers are actively employing simulation-based educational methods in

different professional fields as a way to enhance skills performance and cognitive

learning (Stephenson, 2015). In the field of health care, simulation provides a safe
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learning environment compared to learning on real patients and minimizes risk to patients
(Drury-Grogan & Russ, 2013; Hayden et al., 2014; Kim et al., 2016). However, Neumar
et al. (2015) indicated that further examination is necessary to determine ideal training
methods and frequency for nursing professionals who perform CPR. The purpose of this
study was to examine the impact of CPR performance feedback and hospital noises, as
measured by the CSAQ, on the CPR performance of medical and surgical acute care
registered nurses working in a hospital setting. The theoretical frameworks of distributed
practice and attentional control theory served to ground this study.

Research Question 1

The findings of this study showed the demographic factor of age was a predictor
of CPR performance. As the participant’s age group got older, the corresponding CPR
performance percentage decreased. With each increase in age group, there was a
corresponding decrease of approximately 5% in the average CPR performance score. The
finding indicated that, among younger nurses, CPR performance was most in accordance
with CPR performance metrics.

The demographic factors of gender and years of experience as a nurse did not
predict CPR performance. The fact that gender did not predict performance could be the
result of the low population of male nurses (nine out of 120 participants) participating in
the study. The fact that the population of participants primarily consisted of female nurses
made gender a more difficult factor to examine in this study.

The variable years of experience as a nurse also did not predict CPR performance.

This may be the result of examining a variable that was too broad. For example, age,
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which emerged as a significant predictor of CPR performance, may not directly tie into a
nurse’s years of experience. A person who entered the nursing profession later in life
(such as in their 40s or 50s) would have less experience than someone who entered
nursing in their 20s, which limited the influence of this variable as a factor affecting CPR
performance by nurses.

Prior researchers (Aqel & Ahmad, 2014; Oermann et al., 2011; Roh & Issenberg,
2014) considered age to be a research variable. However, results from previous studies
revealed that age was used to show similarities or differences between a control and a
treatment group, but age was not examined as a performance predictor. Aqel and Ahmad
(2014) employed nursing students in their study, and the participants’ age ranged
between 18 and 28 years. Roh and Issenberg (2014) reported the student participants’ age
range was 1949, with a mean age of 22.2 + 4.97 years. Oermann et al. (2011) reported
the mean age between the control and treatments groups was similar (28.7 + 9.7 years
and 27.4 + 8.2 years). The age range for my study was less than 25 years to over 65
years, and age served as a predictor variable of performance.

The focus of Research Question 1 was understanding the demographic factors
related to CPR performance. Age was a predictor of CPR performance in my study,
which is not consistent with prior research (see Agel & Ahmad, 2014; Oermann et al.,
2011; Roh & Issenberg, 2014). The reason that my results regarding age are not
consistent with the studies mentioned is the analysis method employed to examine age
(regression versus mean differences) and the fact that I had participants over the age of

65 years. Although the results are descriptive and not grounded in the theoretical
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frameworks employed for this study, the descriptive statistics provide a basis for
understanding the population studied in addition to providing a potential limitation
related to gender.
Research Question 2

There was a statistically significant difference between the participants who
received CPR feedback (via the Zoll Series R defibrillator) and those who did not. This
finding is consistent with prior research (Buléon et al., 2016; Niles et al., 2017; Wee et
al., 2014) that indicated that participants who received CPR performance feedback had
significantly better CPR performance compared to participants who did not receive CPR
feedback. The results of my study underscored the importance of in-the-moment
feedback in achieving the delivery of high-quality CPR during cardiac arrest events, as
shown in previous studies (see Buléon et al., 2016; Niles et al., 2017; Wee et al., 2014).

Answering Research Question 2 involved using data obtained during Phases 1 and
2 of data collection. Given the nonsignificant findings, the distributed practice framework
did not help to explain this outcome. These results were not consistent with prior research
(see Agel & Ahmad, 2014; Kwon et al., 2016; Niles et al., 2017; Nori et al., 2012;
Oermann et al., 2011; Sullivan et al., 2015; Sutton et al., 2011) that showed CPR practice
can lead to enhanced CPR performance.

The reason my study findings may not be consistent with prior research regarding
performance over time (see Aqel & Ahmad, 2014; Kwon et al., 2016; Niles et al., 2017;
Nori et al., 2012; Oermann et al., 2011; Sullivan et al., 2015; Sutton et al., 2011) may be

the study design employed to examine CPR performance. My study involved a CPR
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feedback treatment condition, and previous studies (see Agel & Ahmad, 2014; Kwon et
al., 2016; Niles et al., 2017; Nori et al., 2012; Oermann et al., 2011; Sullivan et al., 2015;
Sutton et al., 2011) did not. Additionally, the sample size employed in my study was not
at the desired power level in the second phase of data collection. Therefore, my analysis
may not have been sensitive enough to detect differences between the groups.

Research Question 3

The introduction of hospital noises as measured by the CSAQ did not yield
significant results. This result may be due to the noises (as a variable) not causing anxiety
or not being perceived by the participants as an anxiety-producing factor. Flinn et al.
(2015) reported that their stress assessment tool did not yield significant findings;
however, post hoc analysis showed significant differences in performance on
laparoscopic tasks. Flinn et al. showed that stress could enhance performance on a task,
which is a similar result to the descriptive finding in my study regarding anxiety. The
descriptive results of how self-reported mean anxiety scores have a direct relationship
with CPR performance initially, but transition to an inverse relationship as anxiety scores
increase, are important to note.

This descriptive finding shows CPR performance is best at a certain level of
perceived anxiety (mean anxiety score of approximately 1.75) related to the task of
performing CPR on a manakin. Therefore, not enough anxiety (mean anxiety score of
1.50 or lower) or too much anxiety (mean anxiety score of 3.0 or higher) can adversely

affect CPR performance on a manakin. This finding is consistent with McKenna (2017)
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who noted that anxiety during simulation learning activities could positively or
negatively affect individual performance.

The theoretical framework of attentional control may help to explain why CPR
performance diminishes as anxiety increases. The results of my study are consistent with
prior research (see Flinn et al., 2015; McKenna, 2017) that indicated a stressor can affect
performance on a task. However, given my descriptive result, the task of performing CPR
may have been more of a stressor than the hospital noises introduced during the treatment
phases.

Research Question 4

The focus of Research Question 4 was the impact of CPR feedback on CPR
performance at 30 and 60 days compared to baseline. The results were not statistically
significant; performance did not differ over time. Therefore, the effect of practicing CPR
did not lead to improved CPR performance. The theory of distributed practice did not
support these findings. However, the sample size limitation may have accounted for the
reason performance did not change.

If the findings for this question were different, there would be a stronger
theoretical argument for practicing CPR. However, the results of this study showed
receiving CPR performance feedback did enhance performance, as discussed in the
results to Research Question 1. The performance trend (see Figure 4) was consistent with
other studies (see Buléon et al., 2016; Niles et al., 2017; Wee et al., 2014). Oermann et al.
(2011) noted that the frequency at which a person must practice CPR to obtain the skills

necessary to deliver high-quality CPR could be as often as every 30 days. The result of
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my study indicated that practicing CPR more frequently than every 30 days may lead to

improved CPR performance outcomes for nurses.
Research Question 5

The focus of Research Question 5 was the impact of hospital noises on CPR
performance at 30 and 60 days postbaseline while participants received or did not receive
CPR feedback. The results were not statistically significant; the introduction of hospital
noises did not predict performance. As noted in the discussion to Research Question 3,
hospital noises were not anxiety producing for participants. The findings did indicate that
CPR feedback predicted CPR performance, but as a fixed effect, not related to the
research question stated.

The theoretical framework did not provide insights into the obtained results. Prior
researchers had not sought to examine the use of hospital noises as a stressor or treatment
leading to anxiety. If participants did not perceive the noise as an anxiety-producing
factor, it would explain why the treatment had no impact on CPR performance. However,
as noted in the discussion on Research Question 3, stressors can influence performance
(Flinn et al., 2015; McKenna, 2017). Flinn et al. (2015) employed an actor portrayed as
an expert to provide in-the-moment feedback to participants in the control group. If my
study had included an approach like this, it would have been more invasive compared to a
rendering of hospital noises playing during the performance of CPR on the manikin and
may have created a more stressful situation for participants, potentially resulting in

different findings for this research question.
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Limitations of the Study

The primary limitation of this study related to sample size during Phases 2 and 3.
Although the sample size was as desired for the first phase of data collection, attrition
resulted in the loss of 40 participants during Phase 2 and a total of 60 participants by the
conclusion of Phase 3. Using a purposeful sampling approach was a challenge as nursing
schedules changed due to illness and a staffing decrease due to a low hospital census,
which refers to nurses who do not come into work because hospital occupancy is lower
than needed for the staff scheduled. Additionally, participants were sometimes scheduled
for a number of days in a row and then would be off for 4 or more days at a time. The
attrition observed limited results for data collection at 30 and 60 days.

An additional limitation of this study was the use of medical and surgical nurses.
Nurses working in intensive care units and emergency departments also need to perform
CPR on patients. Because this study did not include nurses from those nursing
specializations, the results may not be generalizable to their population. Furthermore, the
fact that only nine males participated was a limitation related to gender.

It is also possible that the hospital noises played during the two phases that
included this treatment did not generate a level of anxiety. Sullivan (2015) noted that
cardiac arrest situations can lead to stress. However, the introduction of noises may not
have been enough to evoke a stressful or anxiety-related response. The act of performing
CPR may have contributed more to the anxiety response than the introduction of hospital

noises.
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Recommendations

I employed a purposeful sampling approach while using a working registered
nurse population in a time-based study. One recommendation is to double the sample size
as a result of the power analysis. In this study, the attrition rate was 50% when comparing
the baseline phase to the final phase. If the study had started with 216 nurses, a 50%
attrition rate would have resulted in 108 participants, which would have satisfied the
minimum sample level required for power analysis.

Given the challenge encountered during the first attempt to collect data, I
recommend making it as easy as possible for nurses to get away from their work
responsibilities to participate in a study. An effective option might involve collecting data
on the unit in which the participants work and, if possible, making arrangements with
nursing leadership to provide additional support during data collection periods.
Incentivizing participants may also encourage participation.

When undertaking a study design like this with actively working registered
nurses, I further recommend doing so with a research team. As I work full-time, it was
challenging to juggle work and an intensive data collection schedule. If it were not for the
flexibility of my employer with regard to my need to collect data, I may not have been
successful with completing a time-based study.

Additional study recommendations include examining demographic factors such
as age and gender. As CPR is a physical task, examining factors linked to physical

capability may also warrant further review. This study did not have many males
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participating, so it could beneficial to open studies like this to other professionals who
perform CPR at hospitals to recruit more male participants.

Although the results of the study did not find the introduction of hospital noises a
significant predictor, the descriptive statistics related to mean anxiety scores and CPR
performance during Phase 1 showed a potential relationship. Khalaila (2014) noted
anxiety-producing factors can enhance simulation training. Another recommendation is
that future research take place related to anxiety-producing factors and CPR training.

The final recommendation is that researchers spend less effort examining the
benefits of the frequency of CPR training related to performing high-quality CPR and
expanding research on other factors that affect CPR performance (such as age, physical
capability, and receiving CPR performance feedback). Even if future researchers are able
to identify an optimal frequency in which to practice CPR on a manakin, in real life other
factors such as an individual’s age, level of stress, and use of CPR performance feedback
will have a greater impact on the quality of CPR performance. Therefore, I believe
examining or exploring CPR training frequency alone will not lead to narrowing the CPR
performance gaps that exists.

Implications
Positive Social Change

The implications of this study are positive social change as a result of enhancing
knowledge in the educational technology field related to the performance of CPR. Social
change as it relates to this study could occur at three different levels: the individual level,

the organizational level, and at a global level. At the individual level, CPR knowledge
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and performance can improve, potentially leading to better prepared nurses and better
patient outcomes. At an organizational level, the effects on the individual are amplified to
create a broader effect on the community that a given hospital serves. Lastly, at a global
level, the results may affect future research and CPR guidelines, which would serve to
positively affect the care provided to individuals who suffered a cardiac arrest event.
Research Design Implications

As a result of this study, future researchers should use research designs that
include a focus on licensed registered nurses and other hospital employees who perform
CPR on patients in hospital settings. It would also be important to include different study
variables, beyond training frequency, that may affect a person’s ability to perform CPR.
Lastly, using a qualitative inquiry with those who perform CPR in a hospital may reveal
themes related to CPR performance not identified through quantitative research.
Recommendations for Practice

The final recommendation is that all individuals performing CPR should use CPR
feedback devices when performing CPR. The results support recommending individuals
who are younger perform CPR, which is a controversial finding. I further recommend
that anyone who is not physically capable of performing CPR limit the time spent
performing CPR or do not perform it at all.

Conclusion

I conducted this study to examine the CPR training gap through two different

theoretical frameworks: distributed practice and attentional control theory. Researchers

promoted CPR manikin use and training frequency to enhance CPR performance (Aqel &
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Ahmad, 2014; Kwon et al., 2016; Niles et al., 2017; Nori et al., 2012; Oermann et al.,

2011; Sullivan et al., 2015; Sutton et al., 2011). However, researchers had not studied the
introduction of anxiety-producing components while performing CPR on a manikin.

Although researchers may continue to examine the gap that exists between CPR
training and performance in real life, the gap may not be educationally related. The
findings of my study indicate other factors such as age, anxiety level, and receiving CPR
performance feedback have more of an impact on performance than repetition alone.
Although this study did not include a qualitative approach, many participants reported to
the researcher during the data collection phase how hard it was to perform 2 minutes of
high-quality CPR. Thus, given the findings of this study, the CPR performance gap
between CPR training and performance in real life may reflect physical ability rather than
a lack of education.

Recent studies (Anderson, Sebaldt, Lin, & Chen, 2019; Smereka et al., 2019)
continue to provide evidence that infrequent simulation-based CPR manakin training or
simulation-based CPR manakin training without performance feedback is not enough to
develop high-quality CPR skills. Anderson et al. (2019) found that monthly CPR training
with real-time visual feedback is more effective compared to training every 3, 6, or 12
months. Smereka et al. (2019) reported that using a CPR feedback device during CPR
training improved CPR chest compression depth and chest compression rate. Thus,
researchers continue to examine the nature of using CPR performance feedback devices

(Smereka et al., 2019) and training frequency (Anderson et al., 2019).
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Many studies on CPR performance reviewed for the study included student
populations (see Aqgel & Ahmad, 2014; Oermann et al., 2011; Roh & Issenberg, 2014;
Tivener & Gloe, 2015). My study included participants younger than 25 and older than
65 years of age. My study may include a more realistic population of nurses who perform
CPR, compared to those in nursing school. Therefore, studies including a student nurse
population may not generalize to the nursing workforce.

Although I would not dispute the fact that an individual needs to understand the
correct form and hand placement for CPR, developing the proper frequency for training
may be difficult to ever define. I know there are factors beyond regular CPR training that
affect CPR performance on a CPR manakin. If a nurse is not physically capable of
performing CPR, training once every 90 days for a few minutes is not going to fix that
issue.

Even though researchers continue to try and define an optimal training frequency
for CPR practice, the feasibility of being able to release hospital nursing staff to train as
often as once a month is probably not realistic. After all, CPR training is just one of many
types of training nurses may need to be able to provide care in care situations that do not
occur frequently (such as stroke alerts and sepsis alerts). If nurses were to receive
ongoing training for all potential but rare situations that may occur during a shift, more
training time would be necessary in their work schedules.

As the results indicate, practicing on CPR training manikins alone will not
prepare nurses to perform high-quality CPR on patients. Research should focus on factors

beyond training to explain the gap in CPR performance. Introducing different theoretical
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frameworks and disciplines outside of the health care field may help to evaluate and

examine the CPR performance gap.



125

References

Abe, Y., Kawahara, C., Yamashina, A., & Tsuboi, R. (2013). Repeated scenario
simulation to improve competency in critical care: A new approach for nursing
education. American Journal of Critical Care, 22(1), 33-40.
doi:10.4037/ajcc2013229

Abelsson, A., Lindwall, L., Suserud, B., & Rystedt, 1. (2017). Effect of repeated
simulation on the quality of trauma care. Clinical Simulation in Nursing, 13(12),
601-608. doi:10.1016/j.ecns.2017.07.006

Aircraft Owners and Pilots Association. (1997-2011). Nall report: Accident trends and
factors. Frederick, MD: Landsberg.

Al-Ghareeb, A. Z., & Cooper, S. J. (2016). Barriers and enablers to the use of high-
fidelity patient simulation manikins in nurse education: An integrative review.
Nurse Education Today, 36, 281-286. doi:10.1016/j.nedt.2015.08.005

Al-Ghareeb, A. Z., Cooper, S. J., & Mckenna, L. G. (2017). Anxiety and clinical
performance in simulated setting in undergraduate health professionals education:
An integrative review. Clinical Simulation in Nursing, 13(10), 478-491.
doi:10.1016/j.ecns.2017.05.015

American Heart Association. (2018). American heart association commits to improving
in-hospital cardiac arrest survival through innovative competency improvement
solution. Retrieved from https://newsroom.heart.org/news/american-heart-
association-commits-to-improving-in-hospital-cardiac-arrest-survival-through-

innovative-competency-improvement-solution



126
American National Red Cross. (2016). Health and safety training & education. Retrieved

from http://www.redcross.org/what-we-do/training-education

Anderson, R., Sebaldt, A., Lin, Y., & Cheng, A. (2019). Optimal training frequency for
acquisition and retention of high-quality CPR skills: A randomized trial.
Resuscitation, 135, 153-161. doi:10.1016/j.resuscitation.2018.10.033

Agel, A. A., & Ahmad, M. M. (2014). High-fidelity simulation effects on CPR
knowledge, skills, acquisition, and retention in nursing students. Worldviews on
Evidence-Based Nursing, 11(6), 394-400. doi:10.1111/wvn.12063

Bandura, A. (1977). Self-efficacy: Toward a unifying theory of behavioral change.
Psychological Review, 84(2), 191-215. doi:10.1037/0033-295x.84.2.191

Beischel, K. P. (2013). Variables affecting learning in a simulation experience: A mixed
methods study. Western Journal of Nursing Research, 35(2), 226-247.
doi:10.1177/0193945 911408444

Berk, L. J., Muret-Wagstaff, S. L., Goyal, R., Joyal, J. A., Gordon, J. A., Faux, R., &
Oriol, N. E. (2014). Inspiring careers in STEM and healthcare fields through
medical simulation embedded in high school science education. Advances in
Physiology Education, 38(3), 210-215. doi:10.1152/advan.00143.2013

Berndt, J. (2014). Patient safety and simulation in prelicensure nursing education: An
integrative review. Teaching and Learning in Nursing, 9(1), 16-22.
doi:10.1016/j.teln.2013.09.001

Bingham, A. L., Sen, S., Finn, L. A., & Cawley, M. J. (2015). Retention of advanced

cardiac life support knowledge and skills following high-fidelity mannequin



127

simulation training. American Journal of Pharmaceutical Education, 79(1), 1-12.
doi:10.5688/ajpe79112

Bonnes, J. L., Brouwer, M. A., Navarese, E. P., Verhaert, D. V., Verheugt, F. W,
Smeets, J. L., & Boer, M. D. (2016). Manual cardiopulmonary resuscitation
versus CPR including a mechanical chest compression device in out-of-hospital
cardiac arrest: A comprehensive meta-analysis from randomized and
observational studies. Annals of Emergency Medicine, 67(3).
doi:10.1016/j.annemergmed.2015.09.023

Buléon, C., Delaunay, J., Parienti, J., Halbout, L., Arrot, X., Gérard, J., & Hanouz, J.
(2016). Impact of a feedback device on chest compression quality during
extended manikin CPR: A randomized crossover study. American Journal of
Emergency Medicine, 34(9), 1754-1760. doi:10.1016/j.ajem.2016.05.077

CAE Healthcare. (2016). Patient simulators: Athena. Retrieved from
http://cachealthcare.com/eng/patient-simulators/athena

Caffey, M. R., Crane, J. W., & Ireland, M. F. (2016). Paramedic student anxiety levels
towards topics in applied pharmacology at a regional university in Australia.
Australasian Journal of Paramedicine, 13(4). Retrieved from
https://ajp.paramedics.org/index.php/ajp/article/view/491

Calvo, M. G., Alamo, L., & Ramos, P. M. (1990). Test anxiety, motor performance and
learning: Attentional and somatic interference. Personality and Individual

Differences, 11(1), 29-38. doi:10.1016/0191-8869(90)90165-n



128

Calvo, M. G., & Cano-Vindel, A. (1997). The nature of trait anxiety: Cognitive and
biological vulnerability. European Psychologist, 2(4), 301-312.
doi:10.1027/1016-9040.2.4.301

Campbell, J. 1., & Thompson, V. A. (2002). More power to you: Simple power
calculations for treatment effects with one degree of freedom. Behavior Research
Methods, Instruments, & Computers, 34(3), 332-337. doi:10.3758/b103195460

Cheng, A., Overly, F., Kessler, D., Nadkarni, V. M., Lin, Y., Doan, Q., . .. Brown, L. L.
(2015). Perception of CPR quality: Influence of CPR feedback, just-in-time CPR
training and provider role. Resuscitation, 87, 44-50.
doi:10.1016/j.resuscitation.2014.11.015

Christenson, J., Andrusiek, D., Everson-Stewart, S., Kudenchuk, P., Hostler, D., Powell,
J., ... the Resuscitation Outcomes Consortium Investigators. (2009). Chest
compression fraction determines survival in patients with out-of-hospital
ventricular fibrillation. Circulation, 120(13), 1241-1247.

doi:10.1161/CIRCULATIONAHA.109.852202

Coffey, F., Tsuchiya, K., Timmons, S., Baxendale, B., Adolphs, S., & Atkins, S. (2015).
Simulated patients versus manikins in acute-care scenarios. Clinical Teacher,
13(4),257-261. doi:10.1111/tct. 12425

Cohen, J. (1992). A power primer. Psychological Bulletin, 112(1), 155-159.

do0i:10.1037//0033-2909.112.1.155



129
Cook, D. A., Brydges, R., Zendejas, B., Hamstra, S. J., & Hatala, R. (2013). Mastery

learning for health professionals using technology-enhanced simulation.
Academic Medicine, 88(8), 1178-1186. doi:10.1097/acm.0b013e31829a365d

Cook, D. A., Hatala, R., Brydges, R., Zendejas, B., Szostek, J. H., Wang, A. T, . ..
Hamstra, S. J. (2011). Technology-enhanced simulation for health professions
education: A systematic review and meta-analysis. JAMA, 306(9).
doi:10.1001/jama.2011.1234

Damewood, A. M. (2016). Current trends in higher education technology: Simulation.
TechTrends, 60(3), 268-271.doi:10.1007/s11528-016-0048-1

Dreifuerst, K. T. (2010). Debriefing for meaningful learning: Fostering development of
clinical reasoning through simulation (Doctoral dissertation). Indiana University
Scholar Works Repository. Retrieved from https://scholarworks.iupui.edu
/handle/1805/2459

Drury-Grogan, M. L., & Russ, T. L. (2013). A contemporary simulation infused in the
business communication curriculum: A case study. Business Communication
Quarterly, 76(3), 304-321. doi:10.1177/1080569913493923

Ebbinghaus, H. (1913/2011). Memory: A contribution to experimental psychology. New
York City, NY: Teachers College, Columbia University

Eysenck, M. W., Derakshan, N., Santos, R., & Calvo, M. G. (2007). Anxiety and
cognitive performance: Attentional control theory. Emotion, 7(2), 336-353.

doi:10.1037/1528-3542.7.2.336



130
Flinn, J. T., Miller, A., Pyatka, N., Brewer, J., Schneider, T., & Cao, C. G. (2015). The

effect of stress on learning in surgical skill acquisition. Medical Teacher, 38(9),
897-903. doi:10.3109/0142159x.2015.1114597

Faul, F., Erdfelder, E., Buchner, A., & Lang, A.G. (2009). Statistical power analyses
using G*Power 3.1: Tests for correlation and regression analyses. Behavior
Research Methods, 41, 1149-1160. doi:10.3758/BRM.41.4.1149

Frankfort-Nachmias, C., & Leon-Guerrero, A. (2018). Social statistics for a diverse
society. Los Angeles, CA: Sage Publications Inc.

Frankfort-Nachmias, C., Nachmias, D., & DeWaard, J. (2015). Research methods in the
social sciences. New York, NY: Worth, a Macmillan Education Company.

Gagne, R. M. (1974). Educational technology and the learning process. Educational
Researcher, 3(1), 3-8. doi:10.3102/0013189X003001004

Gallicchio, G., Cooke, A., & Ring, C. (2016). Practice makes efficient: Cortical alpha
oscillations are associated with improved golf putting performance. Spor,
Exercise, and Performance Psychology. Advance online publication.
doi:10.1037/spy0000077

Gardner, A. K., DeMoya, M. A., Tinkoff, G. H., Brown, K. M., Garcia, D. D., Miller, G.
T., ... Sachdeva, A. K. (2016) Using simulation for disaster preparedness.
Surgery, 160(3), 565-570. doi:10.1016/j.surg.2016.03.027

Gaumard Scientific. (2016). HAL® CPR+D skills trainer with OMNI® 2. Retrieved from

http://www.gaumard.com/s315-600omni2



131
Gerbier, E., & Toppino, T. C. (2015). The effect of distributed practice: Neuroscience,

cognition, and education. Trends in Neuroscience and Education, 4(3), 49-59.
doi:10.1016/j.tine.2015.01.001

Hayden, J. K., Smiley, R. A., Alexander, M., Kardong-Edgren, S., & Jefftries, P. R.
(2014). The NCSBN national simulation study: A longitudinal, randomized,
controlled study replacing clinical hours with simulation in prelicensure nursing
education. Journal of Nursing Regulation, 5(2). doi:10.1016/s2155-
8256(15)30062-4

Hordacre, B., Immink, M. A., Ridding, M. C., & Hillier, S. (2016). Perceptual-motor
learning benefits from increased stress and anxiety. Human Movement Science,
49, 36-46. doi:10.1016/j.humov.2016.06.002

Johnson, M., Peat, A., Boyd, L., Warren, T., Eastwood, K., & Smith, G. (2016). The
impact of quantitative feedback on the performance of chest compression by basic
life support trained clinical staff. Nurse Education Today, 45, 163-166.
doi:10.1016/j.nedt.2016.08.006

Kaiser Permanente School of Anesthesia (Producer). (2016). Cardiac arrest—Improved
management. Retrieved from https://www.youtube.com/watch?v=
dM10Dzynpng

Khalaila, R. (2014). Simulation in nursing education: An evaluation of students’
outcomes at their first clinical practice combined with simulations. Nurse

Education Today, 34(2), 252-258. doi:10.1016/j.nedt.2013.08.015



132
Kim, J., Park, J. H., & Shin, S. (2016). Effectiveness of simulation-based nursing

education depending on fidelity: A meta-analysis. BMC Medical Education,
16(1), 152. doi:10.1186/s12909-016-0672-7

Kirkbright, S., Finn, J., Tohira, H., Bremner, A., Jacobs, 1., & Celenza, A. (2014).
Audiovisual feedback device use by health care professionals during CPR: A
systematic review and meta-analysis of randomised and non-randomised trials.
Resuscitation, 85(4), 460-471. doi:10.1016/j.resuscitation.2013.12.012

Kolb, D. A. (1984). Experimental learning: Experience as the source of learning and
development. Englewood Cliffs, NJ: Prentice-Hall.

Kupper-Tetzel, C. E. (2014). Understanding the distributed practice effect. Zeitschrift fur
Psychologie, 222(2), 71-81. d0i:10.1027/2151-2604/a000168

Kwon, Y. H., Kwon, J. W., & Lee, M. H. (2015). Effectiveness of motor sequential
learning according to practice schedules in healthy adults; distributed practice
versus massed practice. Journal of Physical Therapy Science, 27(3), 769-772.
doi:10.1589/jpts.27.769

Laerdal Medical. (2016a). The story of Resusci Anne and the beginnings of modern CPR.
Retrieved from http://www.laerdal.com/gb/doc/2738/The-Story-of-Resusci-Anne-
and-the-beginnings-of-Modern-CPR

Laerdal Medical. (2016b). SimMan® 3G. Retrieved from

http://www.laerdal.com/us/SimMan3G#/Specifications



133
Lee, J., & Oh, P. J. (2015). Effects of the use of high-fidelity human simulation in

nursing education: A meta-analysis. Journal of Nursing Education, 54(9), 501-
507. do0i:10.3928/01484834-20150814-04

Lee, M., & Cha, C. (2017). Emergency department nurses’ experience of performing
CPR in South Korea. International Emergency Nursing. Advance online
publication. doi:10.1016/j.ienj.2017.09.008

Liberati, A., Altman, D. G., Tetzlaff, J., Mulrow, C., Getzsche, P. C., loannidis, J. P., . ..
Moher, D. (2009). The PRISMA statement for reporting systematic reviews and
meta-analyses of studies that evaluate health care interventions: Explanation and
elaboration. PLoS Medicine, 6(7). doi:10.1371/journal. pmed.1000100

Lin, C., Kuo, C., Ng, C., Li, W., Weng, Y., & Chen, J. (2016). Rescuer factors predict
high-quality CPR--a manikin-based study of health care providers. American
Journal of Emergency Medicine, 34(1), 20-24. doi:10.1016/j.ajem.2015.09.001

Lowyck, J. (2014). Bridging learning theories and technology-enhanced environments: A
critical appraisal of its history. In J. M. Spector, M. D. Merrill, J. Elen, & M. J.
Bishop (Eds.), Handbook of research on educational communications and
technology (pp. 875-884). doi:0.1007/978-1-4614-3185-5 71

Lucas, J., & Thabet, W. (2008). Implementation and evaluation of a VR task-base
training tool for conveyor belt safety training. Journal of Information Technology

in Construction, 13, 637-659. Retrieved from http://www.itcon.org /2008/40



134

Maloney, S., & Haines, T. (2016). Issues of cost-benefit and cost-effectiveness for
simulation in health professions education. Advances in Simulation, 1(13), 1-6.
doi:10.1186/s41077-016-0020-3

Melnyk, B. M., & Fineout-Overholt, E. (2005). Evidence-based practice in nursing &
healthcare. A guide to best practice. Philadelphia, PA: Lippincott, Williams &
Wilkins.

Montgomery, C., Kardong-Edgren, S. E., Oermann, M. H., & Odom-Maryon, T. (2012).
Student satisfaction and self report of CPR competency: HeartCode BLS courses,
instructor-led CPR courses, and monthly voice advisory manikin practice for CPR
skill maintenance. International Journal of Nursing Education Scholarship, 9(1).
doi:10.1515/1548-923X.2361

Naik, V. N., & Brien, S. E. (2013). Simulation: A means to address and improve patient
safety [Review article]. Canadian Journal of Anaesthesia, 60(2), 192-200.
doi:10.1007/s12630-012-9860-z

Neumar, R. W., Shuster, M., Callaway, C. W., Gent, L. M., Atkins, D. L., Bhanji, F., . ..
Hazinski, M. F. (2015). Part 1: Executive summary: 2015 American Heart
Association guidelines update for cardiopulmonary resuscitation and emergency
cardiovascular care. Circulation, 132(18 Suppl 2), S315-S367.
doi:10.1161/CIR.0000000000000252

Niles, D. E., Nishisaki, A., Sutton, R., Elci, O. U., Meaney, P. A., O’Connor, K. A., . ..
Nadkarni, V. (2017). Improved retention of chest compression psychomotor skills

with brief “rolling refresher” training. Simulation in Healthcare: The Journal of



135
the Society for Simulation in Healthcare, 12(4), 213-219.

doi:10.1097/s1h.0000000000000228

Nori, J. M., Saghafinia, M., Motamedi, M. K., & Hosseini, S. K. (2012). CPR training for
nurses: How often is it necessary? Iranian Red Crescent Medical Journal, 14(2),
104-107. Retrieved from http://ircmj.com/?page=home

Oermann, M. H., Kardong-Edgren, S. E., & Odom-Maryon, T. (2011). Effects of
monthly practice on nursing students’ CPR psychomotor skill performance.
Resuscitation, 82(4), 447-453. doi:10.1016/j.resuscitation.2010.11.022

Patton, M. Q. (2002). Qualitative research & evaluation methods. Thousand Oaks: Sage.

Public Health Resource Unit. (2012). The critical skills appraisal programme: Making
sense of evidence. Retrieved from http://www.casp-uk.net/

Renden, P. G., Landman, A., Geerts, S. F., Jansen, S. E., Faber, G. S., Savelsbergh, G. J.,
& Oudejans, R. R. (2013). Effects of anxiety on the execution of police arrest and
self-defense skills. Anxiety, Stress, & Coping, 27(1), 100-112.
doi:10.1080/10615806.2013.810213

Roh, Y. S., & Issenberg, S. B. (2014). Association of cardiopulmonary resuscitation
psychomotor skills with knowledge and self-efficacy in nursing students.
International Journal of Nursing Practice, 20(6), 674-679. doi:10.1111/ijn.12212

Rosen, K. (2013). The history of simulation. In A. Levine, S. DeMaria, A. Schwartz, &
A. Sim (Eds.), The comprehensive textbook of healthcare simulation (pp. 5-50).

New York, NY: Springer.



136
Sheak, K. R., Wiebe, D. J., Leary, M., Babaeizadeh, S., Yuen, T. C., Zive, D., . . . Abella,

B. S. (2015). Quantitative relationship between end-tidal carbon dioxide and CPR
quality during both in-hospital and out-of-hospital cardiac arrest. Resuscitation,
89, 149-154. doi:10.1016/j.resuscitation.2015.01.026

Singh, H., Kalani, M., Acosta-Torres, S., Ahmadieh, T. Y., Loya, J., & Ganju, A. (2013).
History of simulation in medicine. Neurosurgery, 73.
do0i:10.1227/neu.0000000000000093

Smereka, J., Szarpak, L., Czekajlo, M., Abelson, A., Zwolinski, P., Plusa, T., . . . Frass,
M. (2019). The TrueCPR device in the process of teaching cardiopulmonary
resuscitation: A randomized simulation trial. Medicine, 98(27).
doi:10.1097/MD.0000000000015995

Son, L. K., & Simon, D. A. (2012). Distributed learning: Data, metacognition, and
educational implications. Educational Psychology Review, 24(3), 379-399.
doi:10.1007/s10648-012-9206-y

Spielberger, C. D. (1983). Manual for the state-trait anxiety inventory (Form Y). Palo
Alto, CA: Mind Garden.

Spielberger C. D., & Diaz-Guerrero R. (1975). STAI: State-trait anxiety inventory
(manual and instructions). Moderno, Mexico: El Manual.

Spooner, N., Hurst, S., & Khadra, M. (2012). Medical simulation technology:
Educational overview, industry leaders, and what’s missing. Hospital Topics,
90(3), 57-64. doi:10.1080/00185868.2012.714685

Stanyon, W., Goodman, B., & Whitehouse, M. (2014). Using simulation to educate



137

police about mental illness: A collaborative initiative. Gateways: International
Journal of Community Research and Engagement, 7(1), 52.
doi:10.5130/ijcre.v7i1.3394

Stephenson, E. (2015). Tips for the use of simulation to maintain competency in
performing high-risk/low-frequency procedures. Journal of Continuing Education
in Nursing, 46(4), 157-159. do0i:10.3928/00220124-20150320-14

Sullivan, N. J., Duval-Arnould, J., Twilley, M., Smith, S. P., Aksamit, D., Boone-
Guercio, P., Jeffries, P. R., & Hunt, E. A. (2015). Simulation exercise to improve
retention of cardiopulmonary resuscitation priorities for in-hospital cardiac
arrests: A randomized controlled trial. Resuscitation, 86, 6-13.
doi:10.1016/j.resuscitation.2014.10.021

Sutton, R. M., Niles, D., Meaney, P. A., Aplenc, R., French, B., Abella, B. S, . ..
Nadkarni, V. (2011). Low-dose, high-frequency CPR training improves skill
retention of in-hospital pediatric providers. Pediatrics, 128(1), e145-e151.
doi:10.1542/peds.2010-2105

Taylor, A., Dixon-Hardy, D. W., & Wright, S. J. (2014). Simulation training in U.K.
general aviation: An undervalued aid to reducing loss of control accidents.
International Journal of Aviation Psychology, 24(2), 141-152.
doi:10.1080/10508414.2014.892762

Tellson, A., Qin, H., Erwin, K., & Houston, S. (2017). Efficacy of acute care health care
providers in cardiopulmonary resuscitation compressions in normal and obese

adult simulation manikins. Baylor University Medical Center Proceedings, 30(4),



138
415-418. Retrieved from http://www.baylorhealth.edu/Research/ BSWRI/Dallas

/Proceedings/Pages/default.aspx

Tichon, J., & Diver, P. (2012). Interactive simulator training in civil construction:
Evaluation from the trainer’s perspective. Journal of Interactive Learning
Research, 23(2), 143-163. Retrieved from https://www.learntechlib.org/noaccess
/37633

Tivener, K. A., & Gloe, D. S. (2015). The effect of high-fidelity cardiopulmonary
resuscitation (CPR) simulation on athletic training student knowledge,
confidence, emotions, and experiences. Athletic Training Education Journal,
10(2), 103-112. doi:10.4085/1002103

Vine, S. J., Freeman, P., Moore, L. J., Chandra-Ramanan, R., & Wilson, M. R. (2013).
Evaluating stress as a challenge is associated with superior attentional control and
motor skill performance: Testing the predictions of the biopsychosocial model of
challenge and threat. Journal of Experimental Psychology: Applied, 19(3), 185-
194. doi:10.1037/a0034106

Wanner, G. K., Osborne, A., & Greene, C. H. (2016). Brief compression-only
cardiopulmonary resuscitation training video and simulation with homemade
mannequin improves CPR skills. BMC Emergency Medicine, 16(1).
doi:10.1186/s12873-016-0110-5

Ward, E. C., Baker, S. C., Wall, L. R., Duggan, B. L., Hancock, K. L., Bassett, L. V., &
Hyde, T. J. (2014). Can human mannequin-based simulation provide a feasible

and clinically acceptable method for training tracheostomy management skills for



139
speech-language pathologists? American Journal of Speech-Language Pathology,

23(3), 421. doi:10.1044/2014 ajslp-13-0050

Wee, J. C., Nandakumar, M., Chan, Y. H., Yeo, R. S., Kaur, K., Anantharaman, V., . . .
Ong, M. E. (2014). Effect of using an audiovisual CPR feedback device on chest
compression rate and depth. Annals, Academy of Medicine Singapore, 43(1), 33-
38. Retrieved from http://www.annals.edu.sg/

Yeung, J., Davies, R., Gao, F., & Perkins, G. D. (2014). A randomised control trial of
prompt and feedback devices and their impact on quality of chest compressions:
A simulation study. Resuscitation, 85(4), 553-559.
doi:10.1016/j.resuscitation.2014.01.015

Zendejas, B., Wang, A. T., Brydges, R., Hamstra, S. J., & Cook, D. A. (2013). Cost: The
missing outcome in simulation-based medical education research—A systematic
review. Surgery, 153(2), 160-176. doi:10.1016/j.surg.2012.06.025

Zoll Medical Corporation. (2017). Rescuenet code review getting started guide: Software
version 5.8.1 or newer May 16, 2017. Retrieved from https://www.zoll.com/

medical-products/data-management/rescue-net-fire-ems/code-review



140

Appendix A: Permission to Use Audio Rendering

Dear Sandra:

I am a PhD-Candidate at Walden University in the field of Educational Technology. I
am working on my dissertation and would like to ask for permission to use the audio
portion of the below YouTube video as background noise for a treatment condition in
my study. The study is focusing on CPR training. In return for permission to use, I
would cite and reference the video in my study. Please feel free to email me or call

I i y0u have any questions.

Thank you in advance.

Steve Marks, RN, MS, PhD-c

https://www.youtube.com/watch?v=dM10Dzynpng

Cardiac Arrest - Improved
Management

www.youtube.com

Cardiac Arrest - Improved Management

NOTICE TO RECIPIENT: If you are not the intended recipient of this e-mail, you are prohibited from sharing, copying, or
otherwise using or disclosing its contents. If you have received this e-mail in error, please notify the sender immediately
by reply e-mail and permanently delete this e-mail and any attachments without reading, forwarding or saving

them. Thank you.

RE: Request to use KPSA YouTube Video

Wed 7/11, 9:14 AMSteven Marks
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Good Morning Steven, I have sent your request to Dr. - I am sure he will
respond to you

From: Steven Marks |

Sent: Tuesday, July 10, 2018 4:02 PM

To: Sandr |

Subject: Request to use KPSA YouTube Video

Caution: This email came from outside Kaiser Permanente. Do not open attachments or click on links if
you do not recognize the sender.

Wed 7/11, 11:18 AMSteven Marks
Hi Steven,

Please use our trigger films to educate others. Take care. _

Get Outlook for i0OS

NOTICE TO RECIPIENT: If you are not the intended recipient of this e-mail, you are prohibited from sharing, copying, or
otherwise using or disclosing its contents. If you have received this e-mail in error, please notify the sender immediately
by reply e-mail and permanently delete this e-mail and any attachments without reading, forwarding or saving

them. Thank you.



Appendix B: Cognitive and Somatic Anxiety Questionnaire

Cognitive and Somatic Anxiety Questionnaire

Items

Please circle the number from | to 5 for each of the 20 items to indicate: HOW YOU FEEL OR ARE REACTING AT

THIS MOMENT

(1) Not at all; (2) Slightly; (3) Somewhat; (4) Definitely; (5) Very much

O 0N U A WN

. My hands feel moist (S).
. | feel | am skilled at these tasks (C).
. | experience a tingling sensation somewhere in my body (S). ...cccecovuereeurcunnne
. | think | am failing at these tasks (C).
. Hands feel unsteady (S).
. | feel self-confident about my performance (C).
. My fingers feel stiff (S).
. | feel uneasy concerning the tasks (C).
. My breathing rate is irregular and faltering (S).
. I find it difficult to focus my attention on the tasks (C). «eccoceeererereernrereureunene
. | feel aroused (S).
. Thoughts irrelevant to task performance run through my mind (C).
. My fingers tremble (S).
. | think that other students are more skilled than | am (C). «.ccccouveeeevereenee.
. My fingers are sweating (S).
. | am worrying about my performance (C).
. My stomach feels tense (S).
. I think I will have a low outcome (C).
. My heart is beating faster (S).
. | cannot concentrate on the tasks (C).

=

e e T

=

e I e A

N NNNNNNNNNNNNNNNNNNNN
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Note. C = Cognitive Anxiety, S = Somatic Anxiety.
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Appendix C: Demographics Questionnaire
Demographics Questionnaire Phase One

Participant ID

Do you have a valid CPR certification?
Yes No

Have you performed CPR on a patient or for recertification within the last 90 days (circle
response)?

Yes No

Do you work on an acute care, medical and surgical nursing unit (circle response)?
Yes No

Gender

Male Female

Age

<25 26-35 36-45 46-55 56-65 65+

How many years have you been a nurse?

CPR Performance Questionnaire

Participant ID

Have you performed CPR on a patient or for recertification within the last 30 days (circle
response)?

Yes No
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Appendix D: Permission to Use Cognitive and Somatic Anxiety Questionnaire

This Agreement between Steven Marks (“You”) and Elsevier (“Elsevier”) consists of your
license details and the terms and conditions provided by Elsevier and Copyright Clearance
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Appendix E: Diagnostic Residual Plots for Linear Regression Models

Diagnostic plot for Table 5 (second model). Residuals mean =4.57 x 10716
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Diagnostic Plot for Table 7 (first model) Residuals mean = 4.0 x 10716

Residuals

|Standardized residualsl

60 -20 20 60

1.5

0.0 05 1.0

60 -20 20 60

Residuals vs Fitted

4 S e E

_ g g i g g

= [+3 <o

1 ° 57
— L —

T
40 45 50 55 60 65

Fitted values

Scale-Location

1508 ¢ ¢
. 8
4 8 8 8
8893

T T T T T T
40 45 50 55 60 65

Fitted values

Residuals vs Fitted

]

:
g
8

O GENEDO @

8%

O GHED M OOITO D

T T T T
40 45 50 55

Fitted values

Scale-Location

Fitted values

Standardized residuals Standardized residuals

Standardized residuals

Standardized residuals

~ -

2
o o~~~ Cook's distancé

Theoretical Quantiles

Residuals vs Leverage

— 10

D

- e

lo@

§Cﬁo€1§s distance

Yt

T T T T T

0.00 0.02 0.04

Leverage

Normal Q-Q

o

N T 340

Theoretical Quantiles

Residuals vs Leverage

-] s

o -

:
i
y

0.00 0.01 0.02 0.03 0.04

Leverage

152



Diagnostic Plot for Table 7 (second model) Residuals mean = 3.49 x 10716
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Diagnostic Plot for Table 9 (first model) Residuals mean = 1.48 x 10°1¢
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Diagnostic Plot for Table 9 (second model) Residuals mean = 6.87 x 10716
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Diagnostic Plot for Table 10 (first model) Residuals mean = 5.91 x 1017
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Diagnostic Plot for Table 10 (Second model) Residuals mean = 1.24 x 10716
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