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Abstract
Aim Cardiopulmonary resuscitation (CPR) training is essential for all students, especially nursing students. One of the 
educational approaches to creating long-term learning in inclusive is spaced learning. Spaced learning consists of 
three or more training sessions in which information is presented over time and at intervals. The present study was 
conducted to investigate the effect of basic life support (BLS) training through spaced E-learning on the knowledge 
and satisfaction of nursing students.

Methods In this quasi-experimental study with two groups, 106 undergraduate nursing students of Alborz University 
of Medical Sciences in Iran participated. The control group (n = 47) received BLS training with massed E-learning in 
one three-hour session, and the intervention group (n = 59) received spaced E-learning in three one-hour sessions. 
An electronic questionnaire including demographic information and a pre-test of BLS knowledge were sent to both 
groups. Also, immediately after receiving the training, two weeks later and one month later, they completed a post-
test of BLS knowledge. Students were asked to indicate their level of satisfaction with the provided education by 
completing the SLS-OLE.

Results The post-test scores immediately after, two weeks later, and one month later of the intervention group 
were higher than the control group. The results of repeated measurement ANOVA showed that the score changes of 
knowledge are significant over time (p < 0.001), the number of sessions (p < 0.001), and the interactive effect of them 
(p < 0.001). There was no statistically significant difference in the level of satisfaction with education in both groups.

Conclusion Based on the results, BLS training in both groups increased the knowledge of BLS. however, the increase 
in knowledge and its retention was higher in the intervention group that received the training in spaced learning.
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Introduction
Cardiopulmonary resuscitation (CPR) stands as an indis-
pensable skill for nurses and nursing students, wielding 
a direct impact on patient survival rates. The prompt 
initiation of basic cardiopulmonary resuscitation (BLS) 
remains pivotal in determining client survival [1, 2].

With nursing students being a common presence in 
healthcare institutions, one would expect them to possess 
ample and up-to-date knowledge and skills [3]. Although 
BLS is introduced during high school education, reinforc-
ing this training at the university level becomes essential 
due to the unique demands of nursing. In Iran, BLS is 
currently integrated into the curriculum during the 6th 
semester of undergraduate nursing programs. However, 
nursing students engage with patients from the second 
semester onwards, both inside and outside the hospital 
setting. Consequently, CPR knowledge and skills assume 
a paramount role in their education [4].

Recent studies present a divergence in opinions regard-
ing the most effective method for CPR training. Some 
have highlighted the efficacy of virtual reality simulation, 
educational videos, and gamification in teaching BLS 
[5–9]. Students exposed to CPR training across multiple 
sessions, incorporating diverse educational technolo-
gies, exhibit increased motivation and self-confidence in 
executing this life-saving procedure [10]. They also dem-
onstrate superior self-efficacy and long-term retention of 
CPR knowledge and skills [11]. Repetition emerges as a 
crucial element in minimizing errors and boosting learn-
ers’ self-assurance, with the frequency of CPR training 
sessions correlating with students’ self-confidence and 
willingness to learn [12, 13].

Despite the numerous methods available, CPR train-
ing continues to be predominantly delivered in the tra-
ditional “mass education” format, where all content is 
typically covered in a single day. However, contempo-
rary research underscores the effectiveness of the Spaced 
Learning method, underpinned by the “Encoding Vari-
ability Theory”.

The encoding variability theory
Research has shed light on the diminishing efficacy of 
extended, monotonous lectures exceeding 50 min, lead-
ing to students’ boredom, waning concentration, and 
dissatisfaction [14]. The “Spacing Effect” underscores 
that disseminating content at intervals within a speci-
fied timeframe yields more effective learning outcomes 
than presenting it all at once. The “Encoding Variability 
Theory” posits that varying learning conditions activate 
distinct areas of the brain, facilitating improved informa-
tion retrieval from memory [15]. This theory underscores 
the importance of repeating stimuli at longer intervals, 
fostering effective information assimilation and retention 

while enhancing memory recall and information retrieval 
[16].

Spaced learning
Spaced learning, an approach informed by the “Encod-
ing Variability Theory,” champions knowledge reten-
tion by spacing out learning sessions. This method, also 
employed in online education, reduces students’ stress 
and cultivates an enjoyable learning experience. It is 
defined by incorporating three or more sessions that offer 
information over time at intervals. Spacing formats may 
vary in terms of timing, with some researchers imple-
menting sessions over several days, while others struc-
ture them across hours, weeks, or months [17, 18].

This method boasts several advantages, including 
reducing learner distraction by introducing breaks and 
spacing between sessions, making it ideal for compre-
hending complex concepts by allowing learners to digest 
information before proceeding to the next segment. 
Additionally, each session concludes with a recap of the 
material covered, fortifying retention [19–21].

Several studies have explored the application of the 
spaced learning method in CPR training, yielding prom-
ising results. A systematic review conducted by Yeung et 
al. (2020), encompassing basic and advanced CPR, found 
that 15 out of 17 studies reported enhanced learner per-
formance through spaced learning [22]. In a study by 
Oermann et al. (2020) investigating the ideal interval for 
CPR training, daily and weekly intervals were found to be 
conducive to effective learning [23]. In line with the liter-
ature, content tailored to students’ needs, comprehensive 
and well-designed, delivered continuously, bolsters stu-
dent satisfaction [24, 25]. Given the critical importance of 
CPR training for nursing students and the demonstrable 
benefits of Spaced Learning in knowledge retention, this 
study endeavors to evaluate the impact of BLS Spaced 
E-learning on the knowledge and satisfaction of first-year 
undergraduate nursing students in Iran.

Methods
Study design
This study adopts a quasi-experimental design involving 
two groups, conducted among first-year undergraduate 
nursing students at Alborz University of Medical Sci-
ences, Iran, 2022.

Participants
Among 120 eligible undergraduate nursing students,106 
students participated in this study, selected through a 
convenience sampling method. Inclusion criteria encom-
passed a willingness to participate, first-year nursing 
students with no prior CPR knowledge, no previous 
participation in CPR workshops, and no involvement 
in similar CPR research. Exclusion criteria included 
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unwillingness to continue participation, irregular class 
attendance, and incomplete questionnaire responses. 
Invitation posters were distributed to students, and vol-
unteers were enrolled. Eligibility criteria were verified by 
the researcher, and participants were randomly divided 
into two groups of control group (n = 47) and interven-
tion group (n = 59). The intervention and control groups 
were homogeneous in terms of age, grade point average, 
academic semester and interest in nursing. (p > 0.05).

Questionnaires
The study employed an online questionnaire comprising 
three forms: demographic and educational information, 
BLS knowledge assessment, and student satisfaction with 
online learning. The questionnaire was hosted on the 
Persian online platform (www.porsline.ir), and students 
were provided with a link through their Telegram groups.

Demographic and Educational Information: This form 
gathered data on participants’ year of birth, gender, aca-
demic semester, GPA of the last semester, and their level 
of interest in nursing (one question).

BLS Knowledge: This section contained 15 multiple-
choice questions based on the BLS guidelines of the 
American Heart Association (AHA 2020), textbooks, 
and National Council Licensure Examination (NCLEX 
RN) tests. Ten faculty members in the field of medical 
emergency and nursing evaluated the questions for face 
and content validity. Professors who had the experience 
of teaching emergency medicine in class and internships 
were selected. They assessed grammar, word usage, clar-
ity, and question relevance. Necessary revisions were 
made based on their feedback and CVI and CVR ratings.

Student Learning and Satisfaction in Online Learn-
ing Environments Instrument (SLS-OLE): This ques-
tionnaire consisted of 34 questions across six domains: 
“course structure, learner interaction, student engage-
ment, instructor presence, student satisfaction, perceived 
learning,” using a seven-point Likert scale ranging from 
strongly disagree (1) to strongly agree (7). After obtaining 
permission from the scale’s developer [26], the question-
naire was translated into Persian by the researcher and 
underwent face and content validity evaluation by ten 
professors in nursing and medical education. The items’ 
Content Validity Index (CVI) and Content Validity Ratio 
(CVR) were calculated, and the items were deemed valid 
(CVI > 0.7, CVR > 0.62). In this study, the internal consis-
tency of SLS-OLE was assessed using Cronbach’s alpha, 
resulting in values of 0.78 for course structure, 0.82 for 
learner interaction, 0.72 for student engagement, 0.78 
for instructor presence, 0.94 for student satisfaction, and 
0.88 for perceived learning.

Research procedure
In this study, Synchronous online teaching sessions 
were approximately 3 h. The control group received BLS 
training through massed learning in a single three-hour 
session, while the intervention group received spaced 
learning across three one-hour sessions (Fig.  1). Both 
groups were added on the Telegram groups. A message 
was sent to both groups, detailing the research objec-
tives, confidentiality, participants’ freedom to engage or 
withdraw, and the research steps.

The BLS online course was taught by the researcher, a 
master’s student in emergency nursing with seven years 
of experience in the emergency field, and prior participa-
tion in CPR workshops, remaining updated on the latest 
AHA guidelines (BLS-AHA 2020 Guideline). The course 
content comprised PowerPoint presentations, videos, 
and images, all reviewed by two nursing professors.

The date and time for the online classes were scheduled 
based on student input, avoiding conflicts with their class 
schedules and the 2022 World Cup matches. The con-
trol group received instruction on November 24, while 
the intervention group received training from November 
26 to 28, 2022. Both groups completed a demographic 
questionnaire and pre-test before commencing the class. 
After the sessions, both groups undertook a post-test 
immediately. Students were given a CPR scenario as an 
assignment and asked to outline the BLS steps for this 
scenario. Subsequently, they completed the SLS-OLE 
questionnaire, as well as post-tests two weeks and one 
month after the course.

Finally, educational materials, including AHA guide-
lines, CPR videos, and info-graphics, were distributed 
to both groups. Correctly completed assignments were 
rewarded with gifts, and all participants received a certif-
icate of workshop participation from the nursing school’s 
scientific association.

Data analysis
Data analysis involved descriptive statistics (frequency, 
mean, standard deviation) and analytical statistics. The 
Shapiro-Wilk test confirmed the assumption of normal 
data distribution. An independent t-test was employed 
to compare variances between the two groups, and 
repeated-measures ANOVA was used to evaluate 
changes in measurements over time. Data analysis was 
carried out using SPSS v.23 and MedCalc v.22 software.

Ethical consideration
Online informed consent was obtained from all partici-
pants. The participants were informed that they have no 
obligation to answer the questionnaire, confidential and 
anonymous information will be published as a group. 
Participants could not view the online questionnaire 
items until they clicked the agree button. All methods 

http://www.porsline.ir
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Fig. 1 Tracking diagram of study procedure
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were carried out in accordance with relevant guidelines 
and regulation under the Ethics approval and consent to 
participate. This study is part of a Master’s degree dis-
sertation and was approved by the ethics committee of 
the Alborz University of Medical Sciences [Ethic code: 
IR.ABZUMS.REC.1401.080].

Results
In this study, 106 nursing students of 120, with a mean 
age of 21.00 ± 2.1 years, participated. Table 1 presents the 
demographic and educational information of the nursing 
students involved in the study.

Comparing the pretest scores between the two groups 
revealed no significant difference (p = 0.35), indicat-
ing that the two groups were equivalent in terms of 
their baseline BLS knowledge. Post-training, knowledge 
scores improved in both groups, with the intervention 
group showing a higher increase. Table  2 displays the 
BLS knowledge scores at different measurement points. 
Furthermore, the results highlighted that the changes in 
knowledge scores in both groups were influenced by time 
(p < 0.001), the number of sessions (p < 0.001), and their 
interactive effect (p < 0.001) (Fig. 2).

Table 3 provides the scores for the SLS-OLE domains 
in both groups. The results show no statistically signifi-
cant differences between the two groups. Notably, the 

highest score was in the perceived learning domain, while 
the lowest score was in the learner interaction domain.

Discussion
This study aimed to explore the impact of spaced E-learn-
ing on Basic Life Support (BLS) knowledge and the satis-
faction of nursing students. Spaced learning was chosen 
as the intervention method, believed to be superior to 
mass learning [15]. Spaced learning has demonstrated its 
effectiveness in various fields, including medical sciences 
[27], mathematics [28], and has been associated with 
improved knowledge acquisition, retention, skills, com-
petencies, and overall student satisfaction [29, 30] .

The results of this study indicated that BLS training 
improved in both groups, with the intervention group 
(spaced learning) showing a greater increase in knowl-
edge, in line with similar studies investigating CPR train-
ing. Patocka et al. (2019) compared spaced learning with 
massed learning in teaching CPR to emergency medi-
cal service (EMS) providers, showing improved three-
month retention of skills in the spaced learning group 
[29]. Similarly, in a study by Ferguson et al. (2019), atrial 
fibrillation training through Mobile spaced education 
led to higher knowledge and awareness scores among 
nurses [31]. Beyond CPR, other studies explored the effi-
cacy of spaced learning in various medical fields, such 

Table 1 The demographic/educational information of the 
nursing students participating
Variables n %
Gender female 54 50.9

male 52 49.1
academic semester 1 39 36.8

2 41 38.7
3 26 24.5

level of interest in field of nursing high 45 42.5
moderate 55 51.9
low 6 5.7

Mean ± SD 
(range)

Age 21 ± 2.1 
(18–36)

GPA(to 20) 16 ± 2.2 
(9-19.49)

Table 2 BLS knowledge scores at different measurement times
Groups Measurement times

Pre test Post-test
immediately

Post-test 
two week 
after

Post-test 
one month 
after

time number of sessions Time* number of 
sessions

sig Eta 
squared

sig Eta 
squared

sig Eta 
squared

Control group 5.22 ± 2.4 9.62 ± 1.9 9.62 ± 1.6 10.11 ± 2.2 < 0.001 0.739 < 0.001 0.30 < 0.001 0.085
Intervention 
group

5.70 ± 2.0 11.31 ± 1.7 12.47 ± 1.7 12.25 ± 1.7

Fig. 2 The trend of changing the BLS scores in the different measuring 
times. X axis: times of assessing BLS score Y axis: BLS score
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as laparoscopy training [32], microsurgery methods for 
medical students [33] anesthesia in neurosurgery among 
anesthesia students [34] and symptom management 
among nursing students [35]. These studies collectively 
demonstrate the acceptability and efficacy of mobile dis-
tance learning, enhancing both learning outcomes and 
the ability to apply knowledge in clinical practice.

The not significant increase in BLS knowledge observed 
in the control group between time 2 and time 3, in con-
trast to the decrease in knowledge seen in the interven-
tion group during the same period, can be attributed to 
the spacing effect and the dynamics of memory retention.

The spacing effect, a well-documented cognitive phe-
nomenon, suggests that spreading out learning over time 
leads to better long-term retention compared to cram-
ming information in a single session. In this study, the 
control group underwent massed learning in a single 
three-hour session, likely resulting in a more immediate 
but less enduring increase in knowledge. On the other 
hand, the intervention group engaged in spaced learning 
across three one-hour sessions, allowing for more effec-
tive encoding and retention of information over time.

The impact of time and the number of sessions on stu-
dents’ knowledge scores suggests that knowledge rep-
etition through content review and multiple post-tests 
enhances retention. Moreover, conducting sessions in 
multiple segments allows students to better understand 
the content and seek clarification on unclear topics, 
as supported by previous research [15, 23]. Longitudi-
nal studies have emphasized the need for repeated CPR 
training throughout nursing education to maintain 
knowledge and skills [36]. In this study, spaced learning 
consisted of three one-hour sessions, with the duration 
of classes directly influencing learning outcomes. Shorter 
sessions of 10 to 20  min appear to be more effective, 
aligning with students’ preferences for shorter, frequent 
classes over lengthy sessions [37]. This a suggestion for 
further research to examine the effects of shorter class 
duration.

Furthermore, the study revealed a high level of student 
satisfaction with the online course in both groups, with 
no significant difference between them. Also, Teo et al. 
study reported no significant differences in satisfaction 
scores between the two groups of mass and spaced learn-
ing in microsurgical procedures [33]. Studies by Dabiri et 
al. (2019) and Watchmaker et al. (2019) corroborated this 
finding, highlighting high satisfaction with spaced learn-
ing [38, 39]. Reasons for this satisfaction include reduced 
mental fatigue, enhanced comprehension, more engaging 
learning experiences, and improved long-term retention 
[19]. The utilization of various teaching methods and new 
approaches by instructors also contributes to student sat-
isfaction. After COVID-19 pandemic, the effectiveness 
of alternative educational methods, such as simulation, 
educational videos, and games, in teaching clinical topics 
was highlighted [5].

Limitation
Data were collected from one center, so it affects the 
findings’ generalizability. In December, we encountered 
the challenge of coordinating the training days of our 
online course with the schedule of the 2022 FIFA World 
Cup. We devised polls in collaboration and coordination 
with students to determine the most suitable time for 
conducting classes in Telegram groups. The final limi-
tation was we measured the BLS knowledge of nursing 
students, not their skills. So, comparing the knowledge 
application in the real clinical environment between the 
two groups is suggested.

Implications
The findings of this study carry several practical and edu-
cational implications for the field of nursing education 
and beyond:

Enhancing CPR Training: The use of spaced E-learning 
for CPR training offers a promising avenue for improving 
the quality and effectiveness of training for nursing stu-
dents. Implementing this approach in nursing curricula 

Table 3 Satisfaction scores between groups
Domains of satisfaction scale Group min max mean SD t sig
Course Structure Control 12 22 16.46 1.9 1.4- 0.14

Intervention 11 21 17.31 2.6
Learner Interaction Control 11 31 23.31 4 0.97 0.33

Intervention 17 30 22.50 2.9
Student Engagement Control 13 21 17.62 2.1 0.15- 0.88

Intervention 12 21 17.71 2.5
Instructor Presence Control 11 22 17.50 2.5 1.4- 0.15

Intervention 13 25 18.39 2.6
Students’ Satisfaction Control 13 29 22.28 2.8 0.2- 0.84

Intervention 10 29 22.44 2.9
Perceived Learning Control 11 26 23 3.2 0.09- 0.92

Intervention 10 26 23.07 3.8
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can help ensure that students acquire and retain essential 
life-saving skills.

Long-Term Retention: The study underscores the 
importance of regular CPR training sessions throughout 
the nursing education journey. Institutions should con-
sider incorporating spaced learning approaches to pro-
mote long-term retention of knowledge and skills.

Online Education Integration: In the post-COVID-19 
era, online education has gained prominence. Nursing 
schools and institutions should explore the integration 
of spaced E-learning methodologies to enhance students’ 
learning experiences, irrespective of whether classes are 
conducted in person or online.

Effectiveness of Spaced Learning: This study reaffirms 
the efficacy of spaced learning as a teaching methodol-
ogy. Educators and instructional designers can adopt this 
method in various academic disciplines, particularly for 
complex topics requiring knowledge retention.

Student Satisfaction: The high levels of student satisfac-
tion with spaced E-learning emphasize the importance of 
using innovative teaching methods that not only facilitate 
learning but also create engaging and enjoyable educa-
tional experiences. Instructors should consider diversify-
ing their teaching strategies.

Use of Technology: The study underscores the role of 
technology in modern education. Institutions should 
continue to invest in and promote the use of online plat-
forms and digital resources to support spaced learning 
initiatives.

Research and Innovation: The study highlights the 
value of research and innovation in education. Future 
research can delve deeper into the impact of spaced 
learning on various topics and different educational con-
texts, contributing to the advancement of teaching and 
learning practices. In addition, it is recommended that 
future studies investigate the effects of spaced learn-
ing over different time durations of classes and intervals 
between sessions; explore differences based on gender, 
ethnicity, etc.; and focus on skills-based content. The 
adoption of spaced learning is recommended for face-to-
face classes and various theoretical and practical subjects 
in nursing education.

In conclusion, this study provides valuable insights 
into the potential benefits of spaced E-learning in nurs-
ing education. By considering the implications outlined 
above, nursing schools, educators, and institutions can 
embrace innovative approaches to curriculum design, 
teaching methodologies, and technology integration, 
ultimately enhancing the quality of education and, most 
importantly, the quality of patient care.

Conclusion
CPR training is a critical skill for all students, particularly 
nursing students. This study found that students who 
underwent spaced learning exhibited greater knowledge 
acquisition at various measurement points compared 
to the control group (mass learning). Interestingly, both 
groups reported similar levels of satisfaction. Consider-
ing the significance and increasing prominence of online 
education, spaced E-learning emerges as an effective 
approach for teaching and enhancing knowledge reten-
tion among nursing students. Teaching content in mul-
tiple sessions proves to be more effective than massed 
learning in promoting nursing students’ learning and 
knowledge retention.
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