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Abstract

Objectives: This study examined the outcomes of training nursing students in CPR skills using the Resuscitation
Quality Improvement (RQI) program.

Methods: Nursing students (n=2,193) in 12 schools across the United States participated in this study. Students
performed compressions and bag-masked ventilation on adult and infant manikins using the RQI simulation
station without and then with feedback on their performance.

Results: With real-time, objective feedback from the RQI simulation station, students’ performance of CPR skills
improved, and they retained their skills over time.

Conclusions: The RQI program and methodology of feedback is effective for training nursing students to be
competent in CPR skills, essential for safe patient care. Nursing and other healthcare professions programs should
consider adopting the RQI program for students to develop competency in CPR.

Keywords: cardiopulmonary resuscitation; deliberate practice; low-dose high-frequency model; real-time feed-
back; simulation station

Introduction

Cardiopulmonary resuscitation (CPR) is an evidence-based practice that improves the outcomes of patients
suffering from sudden cardiac arrest inside and out of the hospital setting. Despite growing efforts to decrease
sudden cardiac death, an estimated 6 to 9 million people die worldwide each year, making this a global health
issue [1, 2]. In the United States, nearly 290,000 hospitalized patients suffer in-hospital cardiac arrest each year [3].
The incident of cardiac arrests occurs at disproportionately higher rates in the intensive care unit (ICU) and
emergency department (ED) than in other hospital units. This affords the nurses working in the ICU and ED more
experience performing CPR than nurses working on other units. Unfortunately, the infrequent use of CPR by
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healthcare providers outside of those units contributes to the deterioration of reliable CPR performance even
when initial training is high quality [4-6]. Therefore, knowledge retention and the ability to execute high quality
CPR after initial training is as critical as the initial acquisition of CPR skills.

Traditionally, the focus of CPR training has been on direct care providers such as nurses and physicians. The
role of nursing students in the delivery of CPR is largely underappreciated, likely due to the complexities
associated with training and maintaining novice students’ skills. Due to the rapid decline in CPR skills after initial
training juxtaposed with limited practice of these skills, nursing students are at particular risk of sub-par CPR
performance. As nursing shortages grow and staffing continues to be a critical concern throughout the
world, ensuring that nursing students begin their practice with the ability to provide high quality CPR can
advance life-saving efforts in settings across the world.

Furthermore, high quality CPR training systems such as the Resuscitation Quality Improvement (RQI)
program afford healthcare systems the ability for staff to develop CPR skills and maintain them independently
through practice using this technology. The RQI program uses a low-dose, high-frequency model with quarterly
skills assessments that measure and verify competence, allowing for mastery learning via continuous delib-
erate practice of CPR skills [7, 8]. Researchers have found the RQI training system is effective for improving the
quality of CPR and retention of skills among healthcare workers [4, 6, 9]. Only a few studies, however, have
focused on the use of the RQI program with nursing students and the impact of real-time feedback on skill
performance [10-12].

Literature review

Research has consistently documented that healthcare providers need to practice CPR skills to retain them [5, 13].
The same is true for students. Completing CPR training and being certified in basic life support (BLS), without
subsequent practice, are not sufficient to retain these skills. Kardong-Edgren et al. [14] evaluated the quality of
CPR skills of 467 nursing students from 10 schools of nursing across the United States after they had their BLS
certification. Only 59 % were able to perform compressions with adequate depth and only 42 % with an adequate
rate. With only one brief refresher (10 min), there was an 81 % increase in quality of compression skills and
similar improvements with ventilation. The benefits of refreshers and brief practice sessions on retention of CPR
skills have been supported by other studies [5, 11, 13, 15, 16].

Practicing CPR on standalone audiovisual feedback (AVF) devices, which provide real-time audio and/or
visual feedback on performance, improves skills and promotes retention [4, 5, 11-13, 17-20] including laypersons
[21]. A systematic review and meta-analysis found that training using standalone AVF devices among laypersons
enabled them to improve compression depth but not chest recoil and hand placement [22]. Training and practice
using AVF devices are critical to preparing healthcare providers, students, and the public to perform and retain
quality CPR skills.

The RQI program offers consistent and regular CPR training to maintain high quality skills [23, 24]. Li et al. [25]
examined the quality of CPR skills performed on out-of-hospital patients among paramedics who were trained
using the RQI program. Paramedics trained with RQI had a statistically significant improvement in chest
compression rate compared with paramedics who did not have this type of training.

Purpose

The purposes of this study were to (1) examine the outcomes of training nursing students in the CPR skills of
compression and ventilation after one session using the RQI simulation station and (2) measure retention of these
CPR skills over time.
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Methods
Design and sample

This was a descriptive study to examine the effects of one feedback session using the RQI simulation station on CPR skill performance.
A total of 2,193 nursing students in 12 schools across the United States participated in the study. Students performed compressions
and bag-masked ventilations on adult and infant manikins using the RQI simulation station without and then with feedback on their
performance of these skills. Students who had a health condition or a physical health problem such as a fractured wrist and thus
could not perform CPR were excluded from the study. The study was conducted between February 2022 and September 2023. The study
was reviewed by the Institutional Review Board (IRB) of Mass General Brigham (United States) and was identified by the IRB as an
exempt study.

CPR training procedures

Participants were enrolled in the RQI 2025 Student Healthcare Provider Program. On entry to the RQI program, students completed a
preparation assignment that included both an eLearning course and skills activities. The eLearning course is delivered in an adaptive
platform to build and validate students’ knowledge of the core competencies of BLS including compressions, rescue breaths, venti-
lations, and automated external defibrillator (AED) usage. The skills activities included an initial assessment of their compression and
ventilation skills without feedback (pretest) and then a session immediately after with real-time, objective feedback on their perfor-
mance of these skills, with a required passing rate of 75 % proficiency. Students completed a pretest (no feedback) followed by
performance of CPR (with feedback) every 3 months.

Schools used various ways of onboarding students to the RQI program. All students received detailed instructions via email. These
instructions included setting up an RQI account, completing the eLearning course, information about quarterly skills practice, and
information regarding the reciprocity of the RQI system at local healthcare facilities that used the RQI system. The RQI program itself
includes a demonstration and tips for performing CPR videos at the simulation station. In some schools, students also had a detailed
prebrief by an instructor (in the simulation or skills laboratory) who demonstrated the steps required to complete compressions and
ventilation.

For the pretest, each student performed 60 continuous compressions and 12 ventilations with a bag valve mask, providing one
breath every 5-6 s on the Resusci Anne adult manikin at the RQI simulation station without feedback from the manikin. Next, they
proceeded to the Resusci Baby and performed 60 compressions and 12 ventilations, providing one breath every 2-3s, also without
feedback.

Following the pretest, students performed compressions and ventilation on the manikins and received real-time, objective
feedback from the RQI simulation station to correct their performance of these skills. In addition to audio feedback, students received
visual feedback: they could view their performance on the monitor next to the simulation station (Photograph).

i

Photograph. RQI simulation station used in study.
Source: RQI Partners, LLC. [8]. RQI Simulation Stations. RQI Partners. https://rqipartners.com/resources/simulation-stations/. Reprinted
by permission.
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Measures

The RQI program measures the quality of compressions and ventilation. For compressions, participants were evaluated on hand
placement, rate, depth, chest recoil, and chest compression fraction. For ventilation, they were evaluated on volume and rate.
Performance is represented by scores using a scale of 0-100 %, with at least 75 % required in each skill (adult compressions, adult
ventilation, infant compressions, and infant ventilation) to pass.

The RQI program was created by RQI Partners, a partnership between the AHA and Laerdal Medical. The scoring algorithm and
passing score of 75 % are in alignment with AHA guidelines for CPR and are based on clinical evidence and the consensus of experts in
resuscitation and education. The scoring limits are continuously reviewed based on the most recent evidence and guideline
recommendations.

Procedures

At each school, students received their CPR training in the school’s simulation or skills laboratory. Participants who were not able to
pass compressions or ventilation with one feedback session from the RQI program continued to practice with feedback up to 3 times.
During this time, RQI provided real-time, objective feedback and/or tip videos as needed. After the third attempt, the RQI program
suggests that students take a break and try again at another time.

Data analysis

Data on participants’ performance of CPR skills are collected automatically by the RQI simulation station. In addition, participants
provided demographic data by completing questionnaires upon entry to RQI, as part of the program. The variances in the number of
participants in the demographic survey data compared to the performance data were due to versioning of the RQI courseware,
resulting in modifications to the questionnaires.

Frequencies, percentages, medians, and 25th and 75th percentiles were calculated. The data were analyzed in the cloud computing
platform Databricks (Databricks Inc., San Francisco, CA) using a cluster with Apache Spark 3.4.1. Code was written in PySpark, which is
the Python API for Spark. Timeouts, where a student was unable to complete the skills activity, were excluded from the analysis.

Results
Demographics

A total of 2,193 nursing students in 12 schools across the United States participated in the study; of this group, 1847
students completed the questionnaire collecting demographic information and their previous experience in
performing CPR and with CPR training at each of the assessment points. The majority of participants (n=1,344,
72.8 %) were between 18 and 30 years old. Most participants had completed CPR training within the last two years
(n=1,459, 79.0 %) and were certified in BLS prior to the start of the RQI program. Their CPR training was provided
typically by an instructor (n=1,124, 60.9 %). However, some participants completed online CPR training with
independent practice on a manikin (n=273, 14.8 %) or with an instructor (n=251, 13.6 %). Only 175 (9.5 %) partic-
ipants had never completed CPR training before the RQI program.

Some participants had prior healthcare experience (for example, as a paramedic) before entering the nursing
program. There was a wide range of experience, from less than 1 year (n=724, 39.2 %) through 21 and more years
(n=37, 2.0 %). When asked to rate their confidence in performing high quality CPR on an adult or a child, most
participants were neutral (n=610, 33.0 %) or agreed/strongly agreed (n=820, 44.4 %) that they were confident in
their skills. Nearly a quarter of the participants (n=417, 22.6 %), however, were not confident in their skills.
Compared with adult CPR skills, more participants reported alack of confidence in their ability to perform CPR on
an infant (n=590, 31.9 %). Consistent with their confidence ratings, most participants did not perceive a loss of CPR
skills since they completed their CPR training before starting the program. Even though many of the participants
had experience working in healthcare, most had never (n=1,243, 67.3 %) performed CPR in their job.
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CPR skills

At pretest, although most students had completed CPR training and were certified in BLS, median scores for adult
(67 %) and infant (46 %) compressions and adult (65 %) and infant ventilation (57 %) were all below the passing
threshold of 75 %. With one practice session at the RQI station, where students received immediate feedback on
their performance, their adult compression skills improved by 40 %, infant compression by 107 %, adult venti-
lation by 51%, and infant ventilation by 68 %. Table 1 presents the scores for CPR skill performance without
feedback and following one feedback session at the RQI simulation station. Students’ improvement in com-
pressions and ventilations can be seen in Figure 1.

With continued CPR practice using the RQI simulation station, participants retained their CPR skills: the
percentage of participants who were able to perform compressions and ventilation on their first attempt
continued to increase the longer they were in the nursing program and practiced CPR (Figure 2). Continued
practice using the RQI simulation station prevented the loss of CPR skills and allowed participants to become more
likely to pass their skills assessment on their first attempt (Figure 3).

Discussion

This study found that real-time feedback using the simulation station in the RQI program improved students’
performance of CPR and enabled them to retain their skills. The results of this study are consistent with other

Table 1: Overall scores for CPR skills without and with feedback during the first session at the RQI station.

Activity Median 25th percentile 75th percentile n
Without feedback

Adult compressions 67 % 23% 92% 2,033
Adult ventilation 65 % 10% 94 % 1,674
Infant compressions 46 % 70 % 82 % 2,040
Infant ventilation 57 % 42 % 82% 2,023
With feedback

Adult compressions 94 % 87 % 98 % 2,177
Adult ventilation 98 % 90 % 99 % 2,177
Infant compressions 95 % 88 % 98 % 2,177
Infant ventilation 96 % 90 % 99 % 2,177

I Without Feedback Il With Feedback

100%

75%

50%

Median Overall Score

25%

Figure 1: Improvement in CPR

skills with one feedback session
Adult Compressions Adult Ventilation Infant Compressions Infant Ventilation at RQI station.

0%
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research that has linked improved competency in the delivery of CPR with practice [5, 11, 12, 18]. In the current
study, students had short guided practice of CPR skills every three months. Prior research and evidence-based
guidelines support the use of frequent, spaced CPR training sessions to prevent skill deterioration and improve
skill performance [4, 5, 11, 13, 26].

This study demonstrated that students who completed the RQI sessions with feedback were able to suc-
cessfully deliver high-quality compressions and ventilation following as little as one session. While there was a
decline of adult ventilation skills when reassessed at approximately 13 weeks post training, once refreshed with
RQI, these skills improved with no further decline. This finding is consistent with other studies in which nursing
students had difficulty ventilating with adequate volume and rate [12, 14]. Given that high quality CPR remains
one of the cornerstones to cardiac arrest management [27], students in nursing and other healthcare programs
need to master these skills and retain them throughout their education and as they transition into practice. The
mastery of CPR ultimately will contribute to increased survivability of patients. Given our results, nursing and
other healthcare professions programs should consider adopting the RQI program for students to remain
competent in CPR.

Feedback is not only critical in the classroom and simulation settings, but also during actual resuscitation
events to ensure that CPR is being delivered effectively. While not investigated in this study, it is reasonable to
think that exposure to feedback in the learning and performance of CPR skills may help to foster positive
communication and team dynamics during resuscitation events.
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We agree with prior authors [18] that further study exploring long-term retention of knowledge and the
ability for nurses to apply these skills in real-world resuscitation episodes needs to be conducted. The
link between feedback, early defibrillation, and other skills necessary in a code are potential areas for further
study.

Limitations

There were fewer demographic questionnaires than the total number of participants. We only reported
demographic data for questionnaires that were complete at each assessment point. Modifications of the ques-
tionnaire due to versioning of the RQI courseware also contributed to the loss of some demographic data. There
were variations when students had their CPR practice during each quarter of the study. Students had varying
class and clinical schedules that impacted the timing of their practice. Most but not all students completed CPR
training and were certified in BLS before starting the study. The length of time between this CPR training
and when students began the study may have affected their performance of skills at the first pretest. Some
participants had prior work experience as paramedics and in similar roles, which might have influenced their
performance of CPR. For the majority of participants, however, their BLS certification was the only prior training
in CPR they had, and few performed CPR in their jobs before beginning the nursing program. Students were
typically between 18 and 30 years old. All of these factors may influence students’ performance of CPR skills. Given
the volume of participants (n=2,193 nursing students) in different 12 schools of nursing across the US, the findings
are generalizable to other nursing students in prelicensure nursing programs.

Conclusions

This study examined the outcomes of training nursing students in the CPR skills of compressions and ventilation
using the RQI program and the retention of those skills. Students’ skills improved with only one feedback session
using the simulation station and were retained over time. The RQI program and methodology of feedback is a
valid and an effective method for training nursing students.
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