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Lecture-based education versus ®
simulation in educating student nurses

about central line—associated bloodstream
infection—prevention guidelines

Sami M. Aloush, PhD, RN

The Center for Disease Control and Prevention published central line—-associated bloodstream infection—prevention
guidelines to prevent complications and improve the quality of care; however, it is not known whether student nurses
receive education about these guidelines or what is the best approach to this education. This study aimed to assess student
nurses’ knowledge of central line—associated bloodstream infection—prevention guidelines and to compare the effective-
ness of simulation versus classroom lecturing in educating them with these prevention guidelines. It used a two-arm ran-
domized controlled trial design with pre-post tests. It was conducted at two public universities in Jordan, with a total of 131
fourth-year student nurses as participants. The participants were randomly assigned to the experimental group (receiving
classroom lectures) and the control group (receiving a simulation course). Pretest and posttest data were collected using a
structured questionnaire of 23 items. The overall knowledge scores in the pretest were poor with no statistically significant
difference between the two groups. In the posttest, both groups showed improvement in the majority of items. The partic-
ipants in the classroom lectures group scored slightly higher in the majority of items in the posttest; however, there was no
statistically significant difference in the overall scores t (129) = 1.03, P = (.57), (95% confidence interval = —1.9 to 4.3).
Focusing on the elements related to clinical skills and decision-making would help to make lecture-based education an
effective alternative to simulation, especially in universities and nursing schools with limited budgets. (J Vasc Nurs

2018;37:125-131)

The central venous catheter is an invasive intravenous device
commonly used in intensive care units (ICUs), widely indicated
for intravenous fluid infusion, administration of medication, total
parenteral nutrition, and measurement of central venous pres-
sure. Unfortunately, its use is associated with several complica-
tions that are risky to patients and expensive to manage,
including thrombosis, embolism, and central line—associated
bloodstream infection (CLABSI).'

CLABSI is a laboratory-confirmed bacteremia detected
48 hours after insertion of the central venous catheter when there
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is no evidence of infection in other sites.” It is associated with an
increase in the cost of care,*” extended hospital stay,(’ and mor-
tality.” One study reported that CLABSI increases the cost of care
for each case by US$33,000 and extends the hospital stay by
three weeks.® Many countries, especially in the modern world,
have achieved a significant decrease in the rate of CLABSI,
although 204,000 cases and 25,000 related deaths were reported
in the United States in 2016.” Prevention of CLABSI and related
complications is a major priority in clinical settings.

The Center for Disease Control and Prevention has published
CLABSI-prevention guidelines, which help to reduce the rate of
CLABSI and related complications.'”'" The literature
emphasizes the importance of multidisciplinary care and
awareness of updated CLABSI-prevention guidelines and hy-
giene techniques through education of student nurses and other
health professionals. Although evidence for the effectiveness of
these guidelines is being compiled, studies have reported that
nurses’ current knowledge of the guidelines is poor.'*"?

Nurses in clinical settings are required to demonstrate knowl-
edge about the indications, complications, and maintenance of
the central venous catheter.'*'> Lack of knowledge may affect
compliance in the future. Education is essential in the
prevention of CLABSI. Arguably, the problem of nurses’ poor
knowledge is deeply rooted in education.

Traditionally, education about the central venous catheter in-
volves classroom presentation and bedside observation during
the clinical practicum. Videotapes and online discussion are usu-
ally used as inexpensive strategies to support the classroom
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educational content. Recommendations for advancing nursing
education in the CLABSI-prevention guidelines include the use
of nontraditional approaches to stimulate students’ learning.'®
Simulation emerged as an experiential teaching style in which
students are placed in a scenario that is close to reality.'”"'®

Simulation has been used as an effective teaching strategy in
nursing and other disciplinesw‘zo; however, its use is limited
because of technical and maintenance difficulties, the need for
a more advanced technological infrastructure,”’ and higher
cost, especially for high-fidelity simulation.”””® Simulation
may therefore be too expensive, especially in developing
countries with limited resources.”**’

Few studies have compared simulation with lecture-based ed-
ucation.”® Simulation allows the student to experience challenges
similar to real life without risking patients’ lives; however,
studies of its effectiveness in mitigating nurses’ errors in real
clinical settings are limited. The majority of studies on simula-
tion evaluated students’ performance in the laboratory but lacked
objective evaluation of the simulated skills within the real clin-
ical environment.”’ These limitations would make simulation ed-
ucation more time-consuming than classroom lectures. Although
many studies reported the superiority of simulation over class-
room lectures, they had several shortcomings that limited their
value. These included the greater amount of time spent in simu-
lation than in the classroom, so it was unclear if the improvement
in students’ performance in the simulation groups was related to
the actual effect of the simulation or because of the longer
training time they received.”’-**

It is unclear if the use of a simulator would be more effective
than lecture-based courses in improving knowledge and applica-
tion of CLABSI-prevention guidelines. The purpose of this study
was therefore to evaluate student nurses’ knowledge of CLABSI-
prevention guidelines and to compare the effectiveness of the two
teaching strategies.

METHOD

The EBSCO, Medline, Cochrane Library, and CINAHL data-
bases were searched for studies relevant to CLABSI, using the
keywords CLABSI-prevention guidelines, evidence-based prac-
tice, simulation, and lectures. The search was limited to articles
published from 2013 onwards.

Design

This study was a randomized controlled trial. Students were
randomly assigned to either the experimental or the control
group. Students in both groups completed pretest and posttest
questionnaires. Those in the experimental group underwent a
lecture-based educational course, whereas the control group
experienced a simulation course.

Sample size estimation and participants

Eligible participants were fourth-year student nurses who had
passed the critical care, infection-control, and medical surgical
courses and had received clinical training during their course
work.

The G* power 3.177 software was used to calculate the
required sample size. Based on a power of 0.8, medium effect

size of 0.5, and a level of significance of 0.05, the required sam-
ple size needed to run a two-group independent samples test was
128 participants, 64 in each group.

Study setting and sample

The study was conducted in two public universities in Jordan.
A sample of 176 baccalaureate students were randomly selected,
of whom only 136 agreed to participate. Students were assigned
to either the experimental or the control group (68 students in
each) using the Randomizer software.’’ Two sets of random
numbers were generated. This software is available free online
from the Social Psychology Network. Three students from the
experimental group and two from the control group withdrew,
leaving the final total at 131, 65 in the experimental group and
66 in the control group.

Instrument

A questionnaire was developed specifically for this study,
based on the CLABSI-prevention guidelines from the Center
for Disease Control and Prevention.”’ It has two parts, the first
with demographic items and the second with 23 multiple-
choice questions. Each of these questions had four options: 1)
one correct answer, 2) two distractors, and 3) an “I don’t
know” choice. Each correct response was worth 1 mark, with
no credit for the other responses. The highest score in the ques-
tionnaire was 23.

A pilot study with 10 participants was conducted to test the
instrument and to detect any obstacles that might be encountered.
An advertisement for the pilot study was distributed in the
participating universities. Ten participants were selected based
on the eligibility criteria for the major study, that is, fourth-
year student nurses who had passed the critical care, infection-
control, and medical surgical courses and had received clinical
training during their course work. The selection of 10 partici-
pants was based on previous literature on the calculation of sam-
ple size for pilot studies.”*** The instrument was evaluated for
clarity, understandability, internal consistency, reliability, and
content validity by a panel of three infection-control specialists.
SPSS** version 21 was used to calculate the internal consistency
reliability of the instrument, indicating good internal consistency
with a Cronbach alpha of 0.82. Some items were reworded upon
recommendation of the panel. The panel also reviewed and vali-
dated the content of the two educational courses, recommending
that an equal number of educational hours be given to the groups
to prevent bias.

Ethical approval

The study was approved by the institutional review board of
the participating universities. Students were instructed that their
completion of the study questionnaire would be considered as
consent to participate. To prevent potential coercion from the
principal investigator in recruiting the participants and delivering
the sessions, students were informed that participation was fully
voluntary. They were informed that there was no direct benefit
from participating in the study, but they were made aware that
their participation will help in designing and improving nursing
health science and patient care. Participants were allowed to
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withdraw from the study at any time with no penalties. Confiden-
tiality was maintained throughout the whole study. A master code
list with students’ names and codes was compiled. Participants
were instructed to use the codes as identifiers in the pretest and
posttest. All materials related to the study were kept in the prin-
cipal investigator’s personal office with restricted access. All
documents and data were discarded appropriately at the end of
the study.

Data collection

Data were collected during November 2017. The study was
advertised in the participating universities. Those interested in
participating registered in the principal investigator’s office and
were randomly assigned to either the experimental or the control
group. On the first day of the study, students in both groups
completed the pretest questionnaire. All participants underwent
the posttest after completion of the educational programs. The
content of the educational courses was based on the Center for
Disease Control and Prevention’s CLABSI-prevention guide-
lines. The courses, questionnaire, pilot study, and major study
were all completed during class time.

The classroom lectures course comprised three sessions of
two hours each. The first session was a classroom lecture with
a PowerPoint presentation, given by the principal investigator.
The focus of the lecture was central venous catheter types, indi-
cations, insertion, complications, and nurses’ role in the preven-
tion of complications. Students were given hard copies of the
PowerPoint slides at the end of the session. In the second session,
a videotape was used to support the presentation. The videotape
demonstrated correct application of the CLABSI-prevention
guidelines, including handwashing, dressing, and manipulation
of the central venous catheter system. In the third session, the
focus was the updated CLABSI-prevention guidelines and their
application in clinical settings.

The simulation group also received a course of three ses-
sions of two hours each. The sessions took place in a simulation
laboratory in the School of Nursing within the principal inves-
tigator’s university. The laboratory has a maximum capacity
of 20, so the students in the control group were separated into
three groups of nearly 20 per group. The laboratory was equip-
ped with the Laerdal IV Torso™> critical care simulator, an
advanced emergency and critical care simulator with intrave-
nous accesses to the external and internal jugular veins, subcla-
vian vein, and femoral vein. The torso is equipped with soft
pads covered with realistic material, which simulates natural hu-
man skin. The simulated veins within the torso provide natural
flashback of blood that looks like a real vein. The torso comes
with a case to facilitate transportation. In the first session, the
principal investigator explained the indications and complica-
tions of central venous catheters. The focus of the second was
the central venous catheter care and CLABSI-prevention guide-
lines. The principal investigator demonstrated the CLABSI-
prevention guidelines such as dressing, how to flush the system,
and how to maintain sterility when access to the system is
required. The third session was a role-play simulation session.
Some students took the role of a nurse performing the preven-
tion guidelines on the simulator, whereas the rest of acted as su-
pervisors and gave feedback.

Data analysis

SPSS version 21 was used for data analysis. Data were first
cleaned. Frequencies, mean, and standard deviation were used
to describe the data. An independent sample 7-test was used to
test the difference in knowledge scores between the experimental
and control groups. A paired-sample #-test evaluated the change
in knowledge scores from the pretest to the posttest. The chi
square test of association was conducted to investigate the asso-
ciation between the educational strategies—simulation versus
lectures—and the students’ answers in the posttest.

RESULTS

The study comprised a random sample of 131 baccalaureate
student nurses. Of the 131 participants, 72 (55%) were female.
The mean age was 21 years (standard deviation = 2.1). In the pre-
test, the majority (75%) reported that they had received some ed-
ucation about CLABSI prevention in school, whereas the
remainder reported that they learned about CLABSI outside their
schools through material from the media and other sources. The
overall knowledge scores in the pretest were poor with no statis-
tically significant difference between the two groups. Most par-
ticipants were unaware that a transparent type of dressing has a
lower risk of infection than a gauze dressing. Also, few partici-
pants knew that systematic prophylactic antibiotic has no value
in reducing the risk of infection. In the posttest, both groups
showed improvement in most items (Table 1). The participants
in the simulation group scored slightly higher in the posttest;
however, the difference was not statistically significant with t
(129) = 1.03, P = (.57), (95% confidence interval = —1.9 to
4.3) (Table 2).

Post hoc analysis

There was a significant association between the educational
strategy and the students’ knowledge of routine change of the
central venous catheter (x° [1, N = 131] = 5.12, P = .02). There
was also a significant association between the educational strat-
egy and the knowledge regarding frequency of change for the
intravenous fluid administration set (X° [1, N = 131] = 12.1,
P =.00) and frequency of change for the total parenteral nutrition
and blood administration set (X2 [1,N=131]=5.7, P=.01). On
the other hand, the lecture group scored higher in the items on the
need for systematic prophylactic antibiotic to prevent CALBS
(X2 [1,N=131]=4.2, P =.00) and on the need for normal saline
0.9% routine flush (X2 [1,N=131]=4.8, P =.00). There was no
significant association between the educational strategy and the
students’ knowledge of the risk of infection according to the
dressing material (transparent versus gauze) and no significant
association with the hand-washing hygiene.

DISCUSSION

This study aimed to evaluate student nurses’ knowledge of
CLABSI-prevention guidelines and to compare the effectiveness
of two educational courses on these guidelines: 1) simulation and
2) classroom lectures. In the pretest, significantly poor knowl-
edge of CLABSI was observed in both groups. In the posttest,
both groups demonstrated substantial improvement, although
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FREQUENCIES OF CORRECT ANSWERS IN THE PRE-POST TESTS (N = 131)

Recommended guideline for Simulation Lecture Simulation Lecture
prevention of CLABSI pretest, n = 65 pretest, n = 66 posttest, n = 65 posttest, n = 66

Routine change of the CVC 27 (42%) 29 (44%) 60 (92%) 43 (65%)

Change IVF set (fluid 27 (42%) 29 (44%) 62 (95%) 41 (62%)
administration)

Change IVF set (TPN or blood) 28 (43%) 26 (39%) 59 (91%) 50 (75%)

Use a dedicated port for TPN 30 (46%) 28 (42%) 61 (94%) 60 (92%)
administration

Change dressing (gauze and 28 (43%) 22 (33%) 65 (100%) 61 (92%)
transparent dressing)

Frequency of handwashing (or 46 (71%) 54 (81%) 60 (92%) 60 (92%)
alcohol hand rub)

Use of antibiotics-impregnated 6 (9%) 10 (15%) 46 (71%) 45 (68%)
CvC

Risk of infection (transparent over 3 (5%) 7 (11%) 55 (84%) 51 (77%)
the gauze)

Use 2% chlorhexidine with 70% 12 (19%) 16 (24%) 60 (92%) 51 (77%)

alcohol solution to disinfect the
catheter-insertion site and access

port

Antibiotic ointment at the insertion 29 (45%) 31 (47%) 63 (97%) 45 (68%)
site or access port

Full protective barriers for insertion 25 (39%) 25 (38%) 64 (98%) 63 (95%)

(mask, gown, sterile gloves, full
body drape, cap)

Subclavian insertion site 31 (48%) 37 (56%) 62 (95%) 60 (92%)
NS 0.9% routine flush 23 (36%) 29 (44%) 45 (69%) 63 (95%)
Systematic antibiotics 4 (6%) 18 (27%) 40 (61%) 60 (91%)
If oozing is noticed, the gauze 22 (34%) 36 (54%) 64 (98%) 55 (84%)

dressing type is recommended
over the transparent dressing

Removal of the CVC if there is no 21 (32%) 23 (35%) 61 (94%) 50 (75%)
clinical indication

Antibiotics lock solution to sterilize 19 (29%) 23 (35%) 60 (92%) 44 (67%)
lumen

Use CVC with single port over the 4 (6%) 6 (9%) 59 91%) 55 (83%)
multiple ports

Indication for tunneled CVC versus 14 (22%) 12 (18%) 60 (92%) 49 (74%)
nontunneled CVC

Use no suture to secure the CVC 35 (54%) 43 (65%) 59 (91%) 51 (77%)

Assessment of CVC when fever 19 (29%) 37 (56%) 59 (91%) 44 (67%)
develops

Use sterile gloves during insertion 9 (14%) 9 (14%) 62 (95%) 40 (60%)
and dressing

Systematic anticoagulants 11 (15%) 16 (24%) 63 (97%) 55 (83%)

CLABSI = central line—associated bloodstream infection; CVC = central venous catheter; IVF = intravenous fluid; NS = normal saline; TPN = total paren-
teral nutrition.
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RESULTS OF THE PRE-POST KNOWLEDGE TESTS
Variable Number Mean (SD) t P 95% CI
Pretest
Simulation 65 10.5 (3.3) 1.31 .19 —04t01.9
Lecture 66 9.8 (3.2)
Posttest
Within each group
Simulation pretest 65 10.5 (3.3) 12.27 .00
Simulation posttest 65 21.1 (1.4) 9.6to11.5
Lecture group pretest 66 9.8 (3.2) 11.62 .00 6.8 t0 9.6
Lecture group posttest 66 19.3 (4.5)
CI = confidence interval; SD = standard deviation.

there was no difference in the overall knowledge scores between
the two groups.

Findings from this study revealed insufficient knowledge
about CLABSI-prevention guidelines. In the pretest, significant
weakness was noticed in topics related to the recommended anti-
septic solution, the use of a single-port central venous catheter
over a multiple-port one, the use of a tunneled versus a nontun-
neled catheter, sutureless versus suture securing, and the type of
dressing material. These findings support those of previous
studies.® For example, Mlinar and Raskovié¢-Malnarsié¢®’ inves-
tigated student nurses’ knowledge of central venous catheter care
through a questionnaire to second-year students (N = 144). The
study reported insufficient knowledge in several items.’’ The
reason might be that baccalaureate students received insufficient
clinical training or may have had no opportunity to attend ICUs
during their clinical training, as most hospitals have policies
limiting the number of students allowed in the ICU per shift.
Observation in real life has a significant effect in registering
and retrieving knowledge. Also, the overcrowded environment
in the clinical settings might have affected students’ learning.
Collaboration between experienced health-care providers and
student nurses would assist learning.*~? Other studies reported
many challenges to the student nurses’ learning experience,
such as shortage of facilities, trainers, and clinical training
sites. """

The findings from this study are consistent with those of Bod-
ine and Miller*” who compared two educational approaches to
teaching a course on end-of-life care to emergency room nurses.
One group received lectures, and the other received combined
simulation and lectures. Both groups showed significant
improvement in knowledge, but there was no significant differ-
ence between the two educational approaches after completion
of the courses. Likewise, our findings are consistent with those
of Sayedi, Sharififar, and Zareiyan43 who reported no difference
in knowledge scores among student nurses (N = 60) receiving
simulation and lecture-based courses on biologic agents for treat-

ment of hemorrhagic fever; both groups showed significant
improvement in the posttest, but with no difference between
them.

However, Cooper™* compared the effectiveness of simulation
versus lectures in educating student nurses (N = 98) in assess-
ment and management of deteriorating patients and found that
students in the simulation group achieved higher knowledge
scores and reported greater satisfaction with the quality of educa-
tion they received. A possible explanation for the difference be-
tween the findings from our work and other studies is that
simulation has been reported as an effective strategy for
decision-making and clinical skills, but not for increasing knowl-
edge. Also, the relatively high number of students (20) in the
simulation group sessions could have affected the results in our
study, as it is known that simulation classes are not suitable for
a large group of students.

Participants in the simulation group showed substantially
more improvement in some items than did the lecture group,
including the routine changing of the central venous catheter,
the frequency of change for the intravenous fluid administration
set, total parenteral nutrition, and blood administration set; how-
ever, their knowledge of hand hygiene was no different. The
simulation group also scored higher for the items related to
the need for normal saline 0.9% routine flush and for prophylac-
tic systematic antibiotic to prevent CLABSIs. It is well known
that simulation improves clinical skills rather than theoretical
knowledge. Giving more focus on the elements that aim to
improve students’ decision-making in the clinical environment
could further enhance the effectiveness of the classroom
lectures.

The high cost of simulation may limit its use in settings with
limited resources™’; however, the benefits would justify its use in
education.”® Information on the economic evaluation of simula-
tion is scarce. Evaluation of the cost-effectiveness of simulation
versus classroom lectures would inform decision-makers about
the best approach to education.*’
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Limitations

The present study has some limitations. First, participants in
the simulation group scored significantly higher in several items;
however, the study did not capture significant difference in the
overall scores. Replication of this study with a larger sample
size would help to confirm the findings. Second, although the
study assessed the students’ knowledge, it did not investigate
the barriers and facilitators to learning in each group. Future
studies are strongly encouraged to allow students to evaluate
and criticize their learning experience. Third, the study included
only Jordanian students, which might limit the generalizability of
the findings. Future studies are recommended to include students
of different nationalities. Fourth, the study was conducted during
class time, and the effect of this timing on the findings was un-
known. Future studies are recommended to investigate the effect
of timing on the education outcomes. In addition, the large num-
ber of students in the simulation group sessions would have
affected the findings. It is recommended to replicate this study
with fewer students in the simulation group’s sessions. Finally,
the study did not assess the retention of knowledge after comple-
tion of the courses. Future study would benefit from measuring
retention of knowledge, which would help in understanding the
effectiveness of simulation and lectures in the improvement of
registration and retrieval of knowledge.

CONCLUSION

Student nurses’ knowledge about CLABSI-prevention guide-
lines was found to be poor. Both simulation and classroom lec-
tures were effective in improving it. Students in the simulation
group scored better in several items, although the overall differ-
ence between the groups was not significant. Substantial
improvement in the simulation group over the lecture group
was in the items related to clinical skills and decision-making.
Application of lecture-based education in universities and
nursing schools with limited budgets would be equally effective
as an affordable teaching method. More focus on the topics that
aim to improve students’ clinical skills and decision-making
would further enhance the effectiveness of classroom lectures.
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