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Abstract 
Background: Continuing education of healthcare personnel has been shown to play an essential role in infection control, 
associated with a sustained improvement in learning and clinical outcomes. However, the effectiveness of previous 
educational interventions in infection control is rather limited. Therefore, the aim of the study was to evaluate the 
effectiveness of human patient simulation (HPS) education in improving infection control practices on nursing continuing 
education. 

Methods: A search strategy was conducted in eight multi-disciplinary databases and formulated in association with an 
information specialist (2003–2012). Two content and methodological experts selected the studies and assessed their 
quality independently. Only intervention studies, used alone or in conjunction with other educational interventions, were 
included in the review. 

Results: Due to a lack of available studies, only one study was included in the final review. According to the results of that 
study, the use of patient biosimulator with a visual demonstration may have significant advantages in changing the 
behavior of healthcare personnel regarding infection control practices. 

Conclusion: The effectiveness of HPS education in improving infection control practices on nursing continuing education 
is still uncertain due to the lack of published studies and robust evidence. There is a need for new, innovative educational 
intervention studies to educate, evaluate and improve knowledge, attitudes and performance regarding hand hygiene 
practices and invasive procedures. 
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1 Introduction  
According to the European Centre for Disease Prevention and Control [1], over four million patients are estimated to 
acquire a healthcare-associated infection (HAI) in the EU every year. In addition, the number of deaths occurring as a 
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direct consequence of these infections is estimated to be at least 37,000 [2]. Approximately 20%–30% of HAIs are 
considered preventable through intensive hygiene and infection control programs.  

Healthcare personnel adherence to infection control procedures is currently insufficient due to a lack of time, inaccessible 
supplies and lack of knowledge [3]. Continuing education of healthcare personnel has been shown to play an essential role 
in infection control [4-6], associated with a sustained improvement in learning and clinical outcomes [4]. However, the 
effectiveness of previous educational interventions in infection control practices is rather limited.  

Human patient simulation (HPS) education is an innovative and interactive teaching strategy used to replace or mimic real 
experiences with guided experiences that evoke or replicate substantial aspect of the real world [7, 8]. In recent years, the 
effectiveness of HPS education in infection control practices has been investigated on medical education [9-11]. However, 
there is currently a lack of knowledge about the effectiveness of HPS education in improving infection control practices on 
nursing continuing education. Therefore, the aim of the present study was to evaluate the benefits of using HPS by 
performing a systematic review.  

The main question addressed in the study was “What is the effectiveness of HPS education in improving infection control 
practices on nursing continuing education?” Only intervention studies, used alone or in conjunction with other educational 
interventions, were included in the review.  

2 Methods  
The reporting of the study complied with the PRISMA (Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses) statement [12]. 

2.1 Search strategy 
The study was conducted in the fall of 2012 according to the Centre of Reviews and Dissemination’s guidance for 
undertaking reviews in health care [13]. A preliminary search strategy was conducted in eight multidisciplinary databases 
(e.g., MEDLINE Ovid®, CINAHL, Cochrane Library, Scopus, Web of Science, the Educational Resources Information 
Center, PsycINFO, Academic Search Premier) to identify optimal search terms and evaluate the effectiveness of HPS 
education in improving infection control practices on critical care nurses’ continuing education [13, 14]. Due to a lack of 
relevant research, the review was expanded to evaluate the effectiveness of HPS education in improving infection control 
practices of nurses in general.   

The final review was conducted in eight multi-disciplinary databases (2003-2012) and formulated in association with an 
information specialist (see Table 1) [13, 14]. Used search terms were: “simulat*” AND continuing OR graduate OR 
baccalaureate OR postgraduate OR ongoing OR clinical AND education AND nursing AND “cross infection*” OR 
“nosocomial infection*” OR “hai” OR “infection control”. There was no language restriction. 

Table 1. Databases and number of original studies 

Database Number of original studies 

MEDLINE Ovid® 6 
CINAHL 9 
Cochrane 6 
Scopus 1 
Web of Science 0 
ERIC 0 
PsycINFO 0 
Academic Search Premier 3 

Notes. CINAHL= Cumulative Index to Nursing and Allied Health Literature; ERIC= Educational Resources Information Center. 
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Finally, the widely used JBI Critical Appraisal Checklist for Randomised and Pseudo-Randomised Studies [14] was used to 
assess the methodological quality of the relevant studies in order to avoid incorrect or misleading conclusions [13, 14]. The 
quality of the studies was assessed by two by two content and methodological experts independently [13], using a scoring 
system in which one point was awarded for the inclusion of each relevant criterion (quality score range, 0-10).  

2.3 Data extraction and synthesis 
The data extraction was tailored to the specific review question [13, 14] and objectives [14] in order to obtain all the necessary 
information about the study characteristics (e.g., setting and participants, study designs, interventions, outcome 
measurements) and results of the included studies [13, 14]. Moreover, the extracted data were cross-checked by both primary 
and secondary reviewers

 
to minimize bias and errors in the data extraction process

 [13-15]. A two-tailed P value less than .05 
was considered statistically significant.   

The principles of narrative synthesis were used to describe, evaluate, and summarize the findings of the included study [13]. 
The indexes of inter-rater reliability were not calculated [15]. However, there was complete agreement between the 
reviewers’ final selection. 

3 Results 
Owing to the lack of available studies, only one study was included in the final review (see Table 3). The quality of the 
study by Carrico et al. [16] was assessed as high (9 out of 10 points). One point was reduced due to lack of blinding.  

Table 3. Study characteristics of included original study with quality scores ≥ 80% (n = 1) 

Author, 
Country 

Setting, 
Participant 

Design Intervention  
Outcome 
measurements  

Results 

Carrigo et 
al., 2007 
USA 

University 
hospital, 
randomly 
selected 
emergency 
department 
registered 
nurses (n = 20) 

Quasi-experimental, 
observational, 
intervention study 
with repeated 
measurements 

The intervention 
group received 
supplemental 
training using 
biosimulator * with 
visual 
demonstration of 
respiratory particle 
dispersion, whereas 
the control group 
received classroom 
training only. 

Knowledge was 
assessed prior to the 
classroom training. 
Once classroom 
training was 
completed, 
participants retook 
the knowledge 
assessments. 
Following the 
post-test, skills 
were evaluated by 
two trained 
observers of nursing 
practice. 

Nurses’ knowledge was 
improved significantly (p 
= .007) following 
intervention, but the 
difference between the 
groups was not 
statistically significant (p 
= .24). 
The intervention group’s 
skills to correctly use 
personal protective 
equipment increased 
significantly (p = .04) 
compared to the control 
group.  

* Biosimulator, Medical Education Technologies, Inc. [METI], Sarasota, FL 

 
The included paper described a single-center, quasi-experimental study with repeated measurements conducted in the 
USA among randomly allocated emergency department nurses (n = 20). The study demonstrated that the use of 
biosimulator (Medical Education Technologies, Inc. [METI], Sarasota, FL) with a visual training may have significant 
advantages in changing the behavior of healthcare personnel regarding infection control practices [16]. 

A total of 114 observations were recorded: 56 for the control group and 58 for the intervention group. Participants who 
received supplemental visual training correctly utilized personal protective equipment statistically more often (74% vs. 
53%, p = .04) than participants who received only standard classroom training [16].  
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However biosimulator with a visual training was not clearly a superior method compared to conventional standardized 
classroom training; participants’ knowledge improved significantly (p = .007) from 0.64 (SD 0.11) to 0.76 (SD 0.17) 
following intervention, but the difference between the control and intervention groups was not statistically significant (p = 
0.24) [16]. 

4 Discussion and conclusion 

4.1 Discussion 
A comprehensive literature search strategy was formulated in association with an information specialist. The main 
findings were that the effectiveness of HPS education on nursing continuing education is still uncertain and nursing 
continuing education requires new and more effective evidence-based teaching methods to ensure patient safety and the 
quality of care.  

However, the single included study provides new and important information about the effectiveness of the biosimulator 
with visual demonstration in changing the behavior of healthcare personnel regarding infection control practices [16]. In 
addition, the study identified significant transfer of learned skills to clinical practice.  

The major limitations and potential sources of bias were related to the small sample size and lack of blinding, which limit 
the internal and external validity [15]. Nevertheless, despite the lack of clinical outcomes, the results of Carrigo et al. [16] are 
in line with previous studies where the HPS education has been associated with significant improvements in medical 
practitioners’ learning (e.g., knowledge, confidence, and skills) and clinical outcomes (e.g., arterial punctures, pneumo- 
thorax), which have been demonstrated by nonrandomized, two-group designs [12]. However, according to meta-analysis 
of peer-reviewed, published, controlled studies (1950-2010), HPS education does not seem to affect the incidence of 
catheter-associated bloodstream infections [12].  

The lack of significant findings regarding the level of knowledge in the included study is not surprising [16, 17], but contrasts 
with other studies of medical education [12, 19]. HPS education allows participants to view the impact of disease trans- 
mission as opposed to simply hearing about it through traditional didactic education workers [16]. The components of the 
visual demonstration are based on the principles of adult workers [16] and experimental learning, which are particularly 
suited for nurses’ continuing education [20, 21], where integration of theory and practice is essential and ongoing [20]. 
Furthermore, simulations can be used to improve participants’ technical knowledge [21] and identify systemic problems that 
would otherwise be difficult to detect. 

4.2 Limitations 
The comprehensive search strategy was contained in eight multi-disciplinary databases and focused only on peer-reviewed 
empirical studies published during the last ten years (2003-2012), which may have led to publication bias [13]. In addition, 
the current body of literature is complicated by a lack of published studies and robust evidence. However, the quality of the 
original study was carefully assessed to ensure the validity of the review and to avoid incorrect or misleading conclu- 
sions [13-15]. In addition, the study selection process was documented (e.g., reference management program) and reported 
(e.g., flow chart of study selection process) in a way that enables it to be evaluated and reproduced [13, 14]. 

4.3 Conclusions  
The effectiveness of HPS education in improving infection control practices on nursing continuing education is still 
questionable due to the lack of published studies and robust evidence. There is a need for new, innovative educational 
intervention studies to educate, evaluate and improve knowledge, attitudes and performance regarding hand hygiene 
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practices and invasive procedures, such as catheterization and endotracheal suctioning, in order to understand, inform and 
develop current practices for the prevention of HAIs.  
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