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Abstract

Introduction: Selecting an appropriate teaching method is one of the key stages in education. This study was to the effect of FC
by NPE on patient safety knowledge retention in nursing and midwifery students.

Methods: This randomized controlled trial, using the Solomon design, was conducted in 2019 on an 82nursing and midwifery
students enrolled from Bushehr nursing and midwifery school. The samples were then allocated to four groups via block
randomization. The samples in both intervention groups studied the educational content online for two weeks and subsequently
attended the FC by NPE. Both control groups merely received the conventional methods. The posttest was also taken from the
four study groups immediately and two months after education.

Results: The posttest mean scores of knowledge in both intervention groups was homogeneous(p=0.1) and higher than those in
the control groups(p<0.05). The changes in the mean scores posttest in the intervention and follow-up it did not establish a
statistically significant difference between the four study groups(p=0.130,F=1.941).

Conclusion: The use of the FC by NPE could increase the knowledge mean scores, but, it failed to affect knowledge retention.
Given the infancy of this pedagogical approach, further studies are needed to investigate its effects on various learning
outcomes.

Background

Innovations and rapid changes in socioeconomic, political, and technological domains have mostly challenged medical
education with their own complexities. They have additionally made the roles of medical science educators much heavier and
more complicated than ever. Moreover, it no longer seems possible to lead medical students towards progress through
conventional methods [1].

In the present era, selecting the most appropriate teaching methods is one of the strategies adopted by teachers to augment the
quality of their education according to students’ specific goals and conditions [2]. Using new methods of teaching is thus among
one of these strategies. The FC approach is thus assumed as one of the new pedagogical models, depending on developing
technologies [3] even if such methods have created several challenges in education, especially in medical sciences [4-8].

Some studies have further supported the FC as a pedagogical approach for independent learning [8], which results in more
learning compared with other methods [5] and can even produce high levels of satisfaction in learners [6]. Nevertheless, there is
evidence on less satisfaction [5] and the same effects as other teaching methods [9]. The results of a review study on nursing
education had indicated contradictory results of using the FC on levels of satisfaction, learning rate, and grade point average in
students [5, 7]. Existing evidence also leads to the assumption that a pedagogical model, even a new one alone, cannot advance
learning, so an integration of several methods should be exercised to create active learning and thinking in learners [10]. It seems
that the integration of two new pedagogical methods can cover the weaknesses of each other. In this sense, the NPE, as one of
the effectively positive pedagogical methods, is often evaluated by medical students [11], because it is believed that peers are
more familiar with their own educational needs and can better understand those of other students and help them learn [12].

Patient safety (PS), as one of the priorities of global health, is an important issue in medical education that requires the use of
long-lasting methods of teaching. Accordingly, utilization of pedagogical strategies is a key element in improving attitudes and
practices associated with PS. The NPE has been thus recognized formally and informally by many organizations as an effective
way to provide PS education [3, 13]. Although most studies have not so far assessed knowledge retention [14—17], their results
show that this type of education can have effectiveness in PS [15], improves attitudes towards PS in students [16], and leads to
success in medical education programs [17].

Unfortunately, many studies on medical students have demonstrated that they receive insufficient education to increase support
capabilities for PS and have even claimed that they lack the necessary knowledge or skills [1]. Since the world of education
today has shifted its focus from teaching to learning [18], medical science education including nursing and midwifery requires
fundamental changes [19]. A review of the literature shows that new methods of teaching are not also entirely desirable and
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common [20]. For this reason, specialists in education seek to exploit different teaching methods at once [21] to remove their
limitations and disadvantages. Therefore, considering the importance of knowledge retention in PS education to nursing and
midwifery students and the irreparable harm caused by students’ insufficient knowledge of PS, an integration of two new
methods of teaching to cover the weaknesses of each other seems of utmost importance. The present study was to compare
The Effect of FC by NPE and conventional method on on PS Knowledge Retention in Nursing and Midwifery Students enrolled at
Bushehr University of Medical Sciences, Bushehr, Iran.

Methods
Study design

This study was a randomized controlled trial (IRCT code: IRCT20090522001930N3, 18/3/2019) with a pretest-posttest and
follow-up as well as intervention and control groups. To remove the effects of the pretest in sensitizing the students and
preventing damage to the external validity of the study, the Solomon four-group design was utilized. In this sense, the samples
were randomly divided into four groups, i.e., two intervention groups and two control groups. Then, only the pretest was
administered on one intervention group and one control group, and then all four groups received a posttest/follow up knowledge
retention.

Sample Size and Recruitment

The statistical population included third-semester nursing and midwifery students. To determine the sample size, based on the
study by Glade and Chata [22] (2015) and with respect to the mean and standard deviation (SD) scores in the intervention group
taught by the intervention and control groups, it was equal to 31.60+6.84 and 60.20+10.36. Considering the 0.05 type | error
(alpha) and the 90% test power, the sample size was calculated by 10 individuals in each group.

As this sample size was for studies in which the two groups could be compared, it was modified for more than two groups
utilizing the sample-size correction formula and ultimately 17 students were determined for each group. As the total number of
the students in the classrooms was 92, 23 cases were considered for each group. The samples were then divided into four
groups via block randomization. To have an equal proportion of the nursing and midwifery students in each group, they were
blocked separately. Since the number of the nursing students was 64 and the midwifery ones were 28, eight 8-part blocks and
seven 4-part blocks were considered, respectively. Blocking was performed using the Random Allocation software.

The inclusion criteria in this study were students enrolled in the third semester of nursing and midwifery program, having access
to a computer or smartphone, and showing willingness to participate in the research. On the other hand, the exclusion criteria
were absenteeism for any reasons, not viewing the educational content, and unwillingness to continue cooperation in the study.

The survey

As well, a demographic characteristics information sheet and the Patient Safety Knowledge Retention Exam (PSKRE) were used
to collect the data.

The demographic characteristics information sheet included items on age, gender, year of admission, being native, place of
residence (i.e., dormitory or private home), and field of study.

In order to develop the PSKRE, 70 items were initially prepared and designed based on blueprints and education objectives
associated with PS set by the Ministry of Health and Medical Education. Then, to gain scientific credibility, the items were
submitted to 10 Faculty members of the School of Nursing and Midwifery affiliated to Bushehr University of Medical Sciences
and two experts in the field of PS. Afterwards, the items were reviewed by these Faculty membersand their opinions were
implemented. Finally, the items reduced to 32 cases targeting knowledge retention associated with patient safety.
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Procedure

Upon explaining the research procedure and receiving the informed consent form, the pretests were taken from the intervention
group one and the control group one. To avoid information exchange, the control group received the education at first, using the
conventional methods (namely, a workshop program lasting three two-hour sessions) by the relevant teacher.

The content of the PS education program was also prepared to be presented to the intervention group by the researchers, based
on the standard principles of PS provided by the World Health Organization (WHO) [23], scientific references [24, 25], as well as
circulars of the Ministry of Health and Medical Education in Iran[26]. The educational content included information about the
importance of patient safety, types of medical errors, causes of medical errors, risk management, patient safety indicators, as
well as nine patient safety solutions.

The Microsoft PowerPoint and the Camtasia Studio software were also employed to prepare the educational content and to
present it to the intervention group. The content was then uploaded to a website specifically designed for this purpose two weeks
before the implementation of the FC by NPE, and the intervention group members were asked to view the full course content
within two weeks before the classroom. After browsing the website, the users greeted with a welcome message could open their
personal information page through inserting their usernames and passwords. Due to the interactive design of the website, the
students of the two intervention groups as users could access it at any time and place via connecting to the Internet with their
smartphones, tablets, and personal computers and then view the educational content uploaded on the website.

During the pedagogical intervention, the researchers could check the follow-up status of the course by the students in the
intervention group from the management panel of the website in a momentary and up-to-date manner. Accordingly, if necessary,
further follow-ups were done to encourage the students to view the educational content through sending messages or making
phone calls.

The near-peer (as a Master’s student in nursing) also received the necessary training in three sessions of two hours before
implementing the FC under the supervision of the relevant educator. To avoid any errors in conveying the educational concepts,
the near-peer could lead the classroom in the presence of the educator. The educational content was then presented in the form
of three two-hour sessions during one day. Within the FC, the near-peer divided the students into groups of five or six, and the
students were then asked to sit next to each other with their counterparts in the same group. The near-peer briefly explained the
lesson plan and the learning objectives at the onset of the classroom and summarized the main concepts of the lesson at the
end. The standard clinical scenarios related to the concepts were extracted from the book published by the Ministry of Health
and Medical Education, entitled as PS [26], prior to the intervention, and then presented in the classroom. Next, the learners were
given five minutes to analyze each scenario with all their group members and answer the questions corresponding to each
scenario. Afterwards, each group was asked to speak about the scenario and answer the questions, discuss them with the near-
peer and other students during the classroom, and analyze and answer the questions related to the clinical scenarios, to become
familiar with the application of theoretical knowledge in clinical practice. As the classroom was over, all the students in four
groups were tested, and two months after the classrooms, all four groups received a posttest to assess their knowledge retention.
The test items were the same and they were designed by the researchers to evaluate levels of knowledge in all three stages, i.e.,
before, immediately after, and two months after the intervention. All methods were carried out in accordance with relevant
guidelines and regulations.

Data analysis

To describe the data, descriptive statistics including frequency, mean, and SD were used. The Shapiro-Wilk test was further
employed to examine the data distribution. As well, the Kruskal-Wallis test, the Chi-square test, and the Fisher's exact test were
utilized to compare the demographic variables between the four groups. Moreover, the paired-samples t-test or the repeated
measures analysis of variance (ANOVA) was employed to compare the mean scores in the dependent groups. The independent-
samples t-test and the one-way ANOVA were also used for between-group comparisons. The SPSS Statistics software (version
19) was employed for statistical tests and the significance level was considered less than 0.05 in all cases.
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Results

Since this study was completed using the Solomon four-group design with two control groups as well as two intervention groups,
one with pretest and one without pretest, the control group one and the intervention group one (with pretest) and the control
group two and the intervention group two (without pretest) were used.

In this study, a total number of 92 nursing and midwifery students (namely, 67 nursing students and 24 midwifery students)
participated in four groups of 23, in the form of two intervention groups and two control groups. Out of the participants in the
four intervention and control groups, 10 cases were excluded from the study due to non-participation ((Fig. 1).

The participants included 51 female students (62.2%) and 31 male counterparts (37.8%) with a total mean age of 21.23+ 1.65
years. The mean and the SD of the age of the intervention groups one and two were by 20.73 + 0.86 and 21.28 + 1.30 years,
respectively. As well, the mean and the SD of the age of the control groups one and two were by 21.75+2.75 and 21.22+0.94
years, respectively. Moreover, the Kruskal-Wallis test results did not show a statistically significant difference between the four
groups in terms of age (x?=3.91; p=0.271). The four groups did not differ with regard to other demographic variables (Table 1).

Comparison of demographic variables bZ‘?\Atl)tlaee; the four intervention and control groups
Variable Variable Intervention Intervention 2 Control Control 2 X2 or P
% 1(%) (%) F* value
levels
2.758 0.430 Sex Girl 23.5 23.5 294 23.5
Boy 35.5 29.0 16.1 19.4
Marital status Single 27.6 26.3 23.7 22.4 0.817* 0.146
Married 333 16.7 333 16.7
living area City 23.9 28.2 23.9 23.9 4.834* 0.183
Village 54.5 9.1 27.3 9.1
Indigenous Yes 28.0 26.0 26.0 20.0 0.366 0.947
No 28.1 25.0 21.9 25.0
Residence while Private 23.1 30.8 30.8 15.4 0.948*  0.855
studying house
Dormitory 29.0 24.6 23.2 23.2
Field of Study Nursing 26.2 26.2 26.2 21.3 0.692 0.895
Midwifery 33.3 23.8 19.0 23.8
The test used is the chi-square or Fisher's exact test

The distribution of the pretest scores in both intervention and control groups one as well as in the posttest and the follow-up in
all four groups was found normal. The results of the within-group comparisons revealed that the mean score of the PSKRE in the
intervention and control groups one was different at three times. The post-hoc test results also established that the mean scores
of posttest and follow-up were significantly higher than those of the pretest in the intervention group one (p-values in both cases
were less than 0.001) and the mean score of the follow-up compared with that of the posttest showed a statistically significant
descending trend (p = 0.006). In the control group one, the posttest mean score (p < 0.001) was significantly higher than that of
the pretest, but there was no statistically significant difference between the mean scores of the pretest and the follow-up (p =
0.100). The follow-up mean score was significantly lower than that of the posttest (p = 0.003). In intervention group two, the
PSKRE mean score in the posttest and the follow-up was not statistically significant. However, the PSKRE mean score in the
control group two, the intervention group, and the total control groups in the follow-up was significantly lower than that in the
posttest (Table 2).
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Table 2

Intra-group comparison of the average score of safety management by groups

Group

Intervention 1

Intervention 2

Control 1

Control 2

Total intervention

Total control

Pre-test
Mean £ SD
15.60+1.924

16.65+2.10

Post-test
Mean + SD
25.17+3.32
24.40 % 3.67
20.80x+4.16
21.27+3.86
24.81+3.47
21.03+3.98

Follow up

Mean + SD

21.60+3.29
23.38+3.89
16.10 £ 3.55
17.05+3.33
22.33+3.60
16.55+3.44

torF* P value
64.889* <0.001
1.059 0.303

11.120* <0.001
4.880 <0.001
3.164 0.003

6.001 <0.001

*Report statistics is F value

The results of the between-group comparisons confirmed that the changes in the mean scores from the pretest to the posttest
were different between the intervention and control groups one. The intervention group also showed a higher score increase.
Furthermore, the changes in the PSKRE mean scores between the pretest and the follow-up were different in both intervention
groups one and the control group one, i.e,, rising and falling trends in the mean scores in the intervention group and the control
group, respectively (Table 3).

Table 3

Comparison of mean changes in patient safety management score before and immediately after the intervention and also before
and two months after the intervention between control groups 1 and intervention 1

Time Group Average  Standard Mean difference T Degree P
changes deviation statistic  of value
Average Standard  Assurance freedom
error interval for
mean
difference
Low High
limit  limit
Post-test Intervention  9.57 2.83 5.41 1.28 8.05 277 4204 41 <0.001
minus pre- 1
test
Control 1 415 5.12
Follow up Intervention  6.00 4.20 6.55 1.25 9.09 4.01 5.211 41 <0.001
minus
before
intervention  Control 1 -.55 4.01
Test performed: Independent t

The changes in the PSKRE mean scores from the posttest to the follow-up were not statistically significant between the four
study groups (Table 4). In addition, the changes in the mean and the SD from the posttest to the follow-up in the two groups of
intervention and total control were 2.48 + 5.15 and 4.47 + 4.49, respectively. The two groups did not have a statistically
significant difference in terms of changes in their mean scores (t=1.89; p=0.071).
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Table 4

Comparison of mean changes in safety management score immediately after and two months after
intervention between the four groups

Time Group Average changes  Standard deviation F P value
Follow minus post-test Intervention1 -3.57 491 1.941 0.130
Intervention 2 -1.25 5.28
Control 1 -4.70 5.38
Control 2 -4.22 3.67
Test performed: one-way analysis of variance

Discussion

The main purpose of this study was to compare the effects of PS education using the FCA by NPE and the conventional
methods on knowledge retention associated with PS in nursing and midwifery students. The study results showed that the
integration of the FCA and the NPE compared with the conventional methods had broadened the levels of knowledge in the
students in the field of PS. However, PS education through the FCA by NPE was not significantly different from the conventional
methods, in terms of their effects on knowledge retention among nursing and midwifery students, two months following the
intervention.

The results of the within-group comparisons showed that both FCA by NPE and conventional methods could boost learners’
knowledge. The between-group comparison results also demonstrated a greater increase in learning in the group receiving the
FCA by NPE and the four-group Solomon design confirmed these findings. It was established that learning in the intervention
group was more than that in the control group even in terms of the effects of the pretest.

Limited research has so far examined the integration of the FCA with other methods [3, 27, 28] and there was no research
available, to the best of authors’ knowledge, reflecting on the FCA by NPE. Therefore, the study findings were compared with
some investigations that had explored the NPE as well as the FCA alone. Accordingly, the study findings were consistent with
those by Kim et al. (2019), Shohani et al. (2020), Salman et al. (2020) in the NPE [13, 29, 30], and Rojun Hu et al. (2018), Bao-ju Li
et al. (2020), and Tsung Lan Choo et al. (2019) using the FC [19, 31, 32]. However, these findings were not in line with the study
by Hatami-Rad et al. and Samantha Son Hoysen et al. (2014) in the NPE [33, 34]. Perhaps the reason for the inconsistency of the
results was that, an integration of the FC and the NPE education was used in the present study, leading to greater effectiveness
of education and a difference between the intervention and the control groups in terms of the PSKE mean scores. It is believed
that using a teaching method based on an educational theory alone cannot promote learning, so an integration of pedagogical
methods should be used to create active learning thinking in learners [35]. Another point was that, the levels of knowledge in
students were evaluated in the present study, while in the mentioned investigations, clinical skills and performance had been
appraised. The complexity and the specific difficulties of clinical skills [30] could be thus a reason for the inconsistency of the
findings. Further studies could also determine the effects of similar pedagogical interventions on different levels of knowledge.

On the other hand, the present study was not in agreement with the reports by Whillier et al. (2015) and Harrington et al. (2015),
using the FC [7, 36]. In this sense, Whillier et al. (2015) had found that, levels of satisfaction in students as well as their mean
scores in terms of knowledge in the FC and structured classrooms instructed by teachers through problem-solving and case
study were similar. The reason for the difference could be related to the educational content. In the present study, the PS program
was presented through the FC by NPE, since it was one of the most important dimensions of quality of care and any harm to
patients was in conflict with the philosophy of health care. In the PS education, the description of natural events and interesting,
objective, and tangible scenarios could cause the content not to be presented in a soulless way. Therefore, learners’ attention
could be more drawn to the educational content, and it could become more comprehensible to them.

Whillier et al., on the other hand, had used the FC to teach neuroanatomy [36]. Although this approach was somewhat self-
directed learning [37, 38], it might not be very suitable for biomedical courses and those with heavy content. Of course, the effect
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of new pedagogical methods on different contents needs further studies. The difference between the two studies might be also
related to the conventional methods with which the new method was compared. In the study by Whillier et al. (2015) the content
was provided to the students on a web-based source before teaching via the conventional methods, while in the present study,
the content was provided to the students at the same time as a workshop program through the conventional methods. It is
important to note that most of the lessons were taught in the traditional education in the context where this study was conducted
(Iran) and there was little use of new methods such as the internet to upload content and the NPE or the FC. This novelty could
thus increase the attractiveness of the method and make it more effective. In general, based on the study results, the integration
of two new methods of teaching could make the education of PS topics more effective than the conventional methods. The FC is
also technology-dependent, and students plan for their learning based on their different learning abilities and styles [39, 40]. This
feature, along with the more attractiveness of the method, the bolder role of students in learning, as well as the less stress
because of the NPE can be among the reasons for the greater impact of the integrated method of the FC and the NPE. However,
these results cannot be generalized to teaching other courses, because it does not mean that integrating the FC and the NPE is
necessarily the most effective strategy. Accordingly, it is suggested that enough space and facilities be provided for the use of
web-based education, as well as the infrastructure for the practice of modern teaching methods along with the integration of
these methods at universities. In addition, the required conditions should be put on the agenda of universities for examining the
effect of new methods to determine the most appropriate ones for course contents.

The study findings showed that this pedagogical method had no effect on students’ knowledge retention after two months of
education compared with the traditional methods. However, the PSKRE mean scores two months after the intervention were still
higher in the two intervention groups than the control group, but the drop in the mean scores from the posttest to the follow-up
was similar in the four study groups. Javaheri et al. (2018) in their study on the effect of peer education and Graham et al.
(2019) and Gu et al. (2020) examining the impact of the FC had further confirmed that the levels of knowledge at the follow-up
were higher in the intervention group, which was in line with the present study [3, 39, 40]. These studies had not measured the
changes in the mean scores from the posttest to the follow-up, which could indicate a decrease in knowledge over time as a
better criterion for assessing retention. The present study revealed that knowledge loss after the posttest was similar in the
intervention and control groups. In fact, the higher mean score of the PSKRE follow-up was the output of more learning and a
higher knowledge score immediately after the intervention. Accordingly, examining the decline in learning over time could lead to
a better and more explicit understanding of the impact of new methods of teaching and the integrated ones and help teachers
decide to select the most appropriate methods. Deep learning can further stabilize the acquired knowledge and lead to academic
achievement [41]. Therefore, it is important to study knowledge retention in different pedagogical methods. The point is that
learning and knowledge retention are part of the issues that should be measured in modern teaching methods and then
compared with conventional ones. In addition, students’ satisfaction with teaching methods and their attractiveness are among
the issues that should be considered when using different pedagogical methods.

Unfortunately, the present study suffered from some limitations, for example, it did not assess student satisfaction, so it is
suggested to consider it in future studies. Another limitation of this study was the comparison of a new method integrated with
the conventional one, which did not determine whether the integrated method was more effective than the two new methods of
the FC and the NPE alone. As with most pedagogical interventions, it is possible to exchange information between the control
and intervention groups, as another limitation of this study.

Conclusion

The findings of the present study showed that the use of the FC by NTP could increase the PSKRE mean scores and thus boost
their learning, but, in general, it had no effect on knowledge retention associated with PS in nursing and midwifery students.
Given the limited number of studies in this field, it is recommended to conduct further research with larger sample sizes in other
courses and disciplines of medical sciences, and additionally examine students’ levels of satisfaction with teaching methods.
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