
ORIGINAL ARTICLE / ARAŞTIRMA YAZISI

Acıbadem Univ. Sağlık Bilim. Derg. 17 (July, August, September) 2026

Copyright © 2026 the Author(s). Published by Acibadem University. This is an open access article licensed under a Creative Commons 
Attribution-NonCommercial-NoDerivatives (CC BY-NC-ND 4.0) International License, which is downloadable, re-usable and distributable 
in any medium or format in unadapted form and for noncommercial purposes only where credit is given to the creator and publishing 
journal is cited properly. The work cannot be used commercially without permission from the journal.

https://doi.org/10.31067/acusaglik.1673519

Fundamentals of Nursing/Hemşirelik Esasları

Correspondence: Selma Atay  
Canakkale Onsekiz Mart University, Faculty 
of Health Sciences, Department of Nursing, 
Terzioglu Campus, Canakkale, Center, Türkiye
Phone: +90 286 218 13 97
E-mail: atayselma@gmail.com

Received: 10.04.2025
Accepted: 23.07.2026

1 Canakkale Onsekiz Mart University, 
School of Health Sciences Department 
of Nursing, Canakkale, Türkiye

2 Canakkale Onsekiz Mart University, 
Faculty of Health Sciences, 
Department of Midwifery,  
Canakkale, Türkiye

Selma ATAY 
0000-0002-2068-1099

Şengül ÜZEN CURA 
0000-0001-9649-6976

Sadi Turgut BİLGİ 
0000-0003-3157-2039

The Effect of Multicomponent  

Hand Hygiene Education on  

the Hand Hygiene Belief, Practice 
and Skill of Nursing Students

Selma Atay1 , Şengül Üzen Cura1 , Sadi Turgut Bilgi3 

ABSTRACT

Objective: The primary objective of this study was to evaluate how a comprehensive hand hygiene education intervention 
affects nursing students’ hand hygiene-related beliefs, practical application, and technical skills.

Methods: This is a randomized controlled experimental study employing a pretest-posttest control group design. We 
conducted the survey at Nursing Department of a University located in the west of Turkey. “The Hand Hygiene Belief Scale”, 
“the Hand Hygiene Practices Inventory”, “the Handwashing Skill Effectiveness Assessment Form” and microbiological 
analyses were used to acquire data. 

Results: While there was no difference between the students’ The Hand Hygiene Belief Scale and Hand Hygiene Practices 
Inventory pretest mean scores, it was found that there was an increase in the posttest mean scores in both the intervention 
group and control group, and this increase was statistically significant (p<0.05). There was an increase in the mean scores 
of the first and second handwashing skills of the students in the intervention group, and this increase was statistically 
significant (p<0.001). The results of microbiological analysis indicate that there was a decrease in microbiological growth 
in the sampling site. 

Conclusion: Based on the posttest findings, hand hygiene training using multiple interventions both resulted in a 
significant increase in scores on the handwashing belief, practice and skill of students and caused decrease in the 
microbiological growth.

Keywords: education, hand hygiene, hand hygiene belief, hand hygiene skill, microbiological analyses, nursing students

ÖZET

Amaç: Bu çalışmada, çok bileşenli el hijyeni eğitim programının hemşirelik öğrencilerinin el hijyeni inançları, uygulamaları 
ve becerileri üzerindeki etkilerinin değerlendirilmesi amaçlanmıştır. 

Yöntem: ön test- son test kontrol gruplu tasarıma sahip randomize kontrollü deneysel bir çalışmadır. Verilerin 
toplanmasında El Hijyeni İnanç Skalası (EHİS), El Hijyeni Uygulamaları Envanteri (EHUE) ve El yıkama Beceri Etkinliği 
Değerlendirme Formu ve mikrobiyolojik analizler kullanılmıştır. 

Bulgular: Öğrencilerin EHİS ve EHUE ön test puan ortalamaları arasında anlamlı fark bulunmazken, son test puan 
ortalamalarında hem uygulama, hem de kontrol grubunda istatistiksel olarak anlamlı artış olduğu bulunmuştur(p<0.05). 
Kontrol grubundaki öğrencilerin birinci ile ikinci el yıkama beceri puan ortalamaları arasında istatistiksel olarak anlamlı 
fark bulunmazken (p>0.05); uygulama grubu öğrencilerinin, birinci ile ikinci el yıkama beceri puan ortalamalarında artış 
olduğu bu artışında istatistiksel olarak anlamlı olduğu bulunmuştur (p<0.001). Mikrobiyolojik analiz sonuçlarında ise 
örnek alınan tüm bölgede mikrobiyolojik üremede azalma olduğu bulunmuştur. 

Sonuç: Son test bulgularına göre çoklu girişimlerle yapılan el hijyeni eğitimlerinin öğrencilerin hem el yıkama inanç, 
uygulama ve beceri puanlarında önemli bir artışa hem de mikrobiyolojik üremede azalmaya neden olduğu söylenebilir.

Anahtar Kelimeler: eğitim, el hijyeni, el hijyeni inanç, el hijyen becerisi, hemşirelik öğrencisi, mikrobiyolojik analiz
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H ealthcare-associated infections (HCAIs) are 
defined as infections that are not present or 
incubating at the time a patient is admitted to 

a hospital or healthcare facility, but that develop during 
the course of receiving care (1). The major outcomes 
of healthcare-associated infections, also known as 
nosocomial infections, are reported as increased mortality, 
morbidity, prolonged hospital stay, and economic burden 
(1-3). HCAIs are common adverse events that occur in 
hospitals and other health institutions (4). The fact that 
a total of 59.174 and 61.745 infections were reported as 
part of the surveillance in our country in 2016 and 2017, 
respectively, shows that HCAI is still an important problem 
(4). The hands of healthcare professionals are a significant 
source of transmission of pathogenic microorganisms 
among the patients, and from the hospital environment 
to the patients (5,6). 

Hand hygiene is one of the most important and cost-
effective infection control practices for preventing the 
transmission of infections (1,3). It is underlines that 
higher compliance with hand hygiene rules reduces 
healthcare-associated infections (1). For this reason, it is 
very important to evaluate the knowledge of, attitude 
towards and practice of hand hygiene in order to improve 
the quality of care, compliance with hand hygiene and 
control of infections (7). The rate of compliance with 
hand hygiene in hospitals is reported as 40% (8). Because 
the nursing students are in hospitals for clinical practice 
and have a direct contact with patients, they are at risk 
for transmission, cross-contamination of pathogens 
and becoming infected (9,10,). Labrague et al, (2019) 
conducted a systematic review and found that hand 
hygiene knowledge of nursing students and their 
compliance with hand hygiene were low(11). It is stated 
that traditional teaching methods are insufficient to ensure 
long-term improvement in hand hygiene practices (12). In 
their study, Konicki and Miller (2016) recommended to 
perform multifocal studies to improve nursing students’ 
compliance with hand hygiene (13). Løyland et al, (2020) 
found that nursing students’ compliance with hand 
hygiene was low, and suggested to try different strategies 
(14). Meza Sierra et al. (2023) conducted a scoping review 
and emphasized the need for new primary studies that 
provide a detailed description of the characteristics of the 
interventions (15).

The aim of this study was to investigate the effects of 
multi-component hand hygiene education on the belief, 
practice and skill of nursing students regarding hand 
hygiene.

Material and Method

Design

This is a randomized controlled experimental study 
employing a pretest-posttest control group design. 

Population and Sample 

The study population included 160 students who were 
1st-year students in the Faculty of Health Sciences, 
Nursing Department of a University located in the west of 
Turkey. The study was carried out between February 2022 
and June 2022. The sample included a total of 60 students, 
30 of which were in the intervention and 30 in the control 
group. The random numbers table was used to form the 
intervention and control groups. 

Data Collection Tools

Demographic Questionnaire: Researchers constructed a 
6-item demographic questionnaire (mixed open/closed 
format) based on socio-demographic parameters and 
existing literature (10, 13,16). 

Hand Hygiene Belief Scale (HHBS): The HHBS (20 items) was 
developed by Thea van de Mortel in 2009, including Hand 
Hygiene Importance Scale (HHIS) (3 items) and includes a 
total of 23 items. Responses were recorded on a 5-point 
Likert scale: 1 (Strongly disagree), 2 (Disagree), 3 (Neutral), 
4 (Agree), and 5 (Strongly agree). (17). Turkish validity 
and reliability of the scale was performed by Karadag et 
al, (2016) (18). Reverse evaluation of items 5, 8, 16, 17, 18, 
19, and 20 is performed. The minimum score is 22 points 
and the maximum score is 120 points on the HHBS. The 
Cronbach’s Alpha coefficient was 0.76 in Turkish validity 
and reliability study, and it was 0.84 in this study. 

Hand Hygiene Practices Inventory (HHPI): The HHPI was 
developed by Thea van de Mortel in 2009. This instrument 
contains 14 items measured on a 5-point Likert scale 
ranging from 1 (never) to 5 (always), with intermediate 
points being 2 (rarely), 3 (sometimes), and 4 (often) (Van 
De Mortel et al, 2012). Turkish validity and reliability of 
the scale was performed by Karadag et al, (2016). Total 
score of hand hygiene practices inventory ranges 14 to 
70, and the higher scores represent that hand hygiene 
practices are always performed (17,18). The Cronbach’s 
Alpha coefficient was 0.85 in Turkish validity and reliability 
study, and it was 0.91 in this study. 
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Handwashing Skill Effectiveness Assessment: In this study, 
the jel form of Glo Germ—a hygiene simulation product 
available as a gel, lotion, or powder that contains fluorescent 
particles matching the size of microorganisms—was 
used to demonstrate handwashing methods and surface 
cleanliness.The students in the intervention and control 
groups applied Glo Germ, washed their hands, and then 
photographs of the inner and outer surfaces of each 
student’s dominant hand were taken for assessment. 
In the assessment, 7 areas of the dominant hand (outer 
surface of the hands, palm, fingertips, nails, area between 
the fingers, wrist, and thumb) were scored as follows: very 
dirty =1, dirty=2, clean=3, and very clean = 4. The lowest 
score is 7 and the highest score is 28. A higher score was 
interpreted as an effective handwashing skill (12,19). 
In the assessment, two observers made an assessment 
independently of each other without knowing whether 
the photographs belonged to the students in the 
intervention group or control group. Cohen’s kappa 
coefficient was 0.84 for the first handwashing and 0.87 for 
the second handwashing. 

Microbiological assessment: The microbiological 
evaluation was carried out by a PhD-level expert biologist 
participating in the study. After washing the hands, 
swab samples were collected from the designated areas 
of the dominant hand, using a sterile cotton swab. For 
the microbiological assessment, swab samples were 
collected by the same investigator and cultivated in 
the medium (Tryptic Soy Agar with 5% sheep blood) 
using bedside cultivation technique in order to ensure 
standardization and reliability (13). All studies were 
performed under aseptic conditions and in pairs. The 
cultures were incubated in aerobic environment at 37°C 
for 24 to 48 hours. After incubation, the petri dishes were 
photographed by a digital camera (Canon EOS 600d) and 
digital images were processed using the free program 
ImageJ 1.44 (20). The color images were inverted and 
converted into 8-bit grayscale. The function “threshold” 
was used to select the colonies on the background. The 
function “watershed” was used to separate the colonies 
and the function “analyze particles” was used to count 
the colonies (21). The petri dishes with a total colony 
count <300 were re-counted to ensure accuracy (Konicki 
and Miller, 2016). The recorded data was then processed 
in Microsoft Excel (22). Bacterial colony counts were 
converted into log10 and compared. For samples without 
colony growth, each colony count was increased by 
one colony to account for the log10-converted colony  
count (21,22).

Implementation of Research 

In the nursing department of the institution where 
the research was conducted, hand hygiene education 
is provided theoretically to the freshmen as part of 
the “nursing fundamentals” class. The fourteen-week 
education is carried out in the laboratory one day a week 
for the first seven weeks and in the form of clinical practice 
in hospitals once a week for the next seven weeks. The first 
seven weeks of the fourteen-week education are carried 
out in the laboratory for one day a week, and the second 
seven weeks of the fourteen-week education are carried 
out in hospitals as clinical practice for one day a week. In 
the study, the data for pretest were collected prior to the 
clinical practice, and the data for posttest were collected 
at the end of the seven-week clinical practice. 

The following steps were used for the implementation of 
research: 

Step 1: Before the clinical practice, the HHBS and the HHPI 
were administrated to the students in the intervention 
group and control group. The lesson “handwashing” was 
theoretically given by the lecturer in charge of the class to 
the students in the control group and intervention group 
at the same time in the classroom. Glo Germ was applied 
to students in both of the groups. 1 tea spoon of Glo 
Germ was poured into the palm and spread thoroughly 
all over the hands as a solution hand cream, and then 
the hands were washed. The light was dimmed in the 
environment to examine and photograph the inner and 
outer surfaces of the dominant hand by UV light. The 
residues of gel on the surface of the hand were considered 
glowing areas under the UV light. The handwashing skill 
effectiveness assessment form was completed by two 
observers independent of each other in order to acquire 
pretest data on the handwashing skill. Also, a sample was 
collected from three different areas (area between fingers, 
nail bed and thumb) of the dominant hand of students in 
both of the groups in order to acquire the pretest data for 
microbiological assessment. 

Step 2: Unlike the control group, the students in the 
intervention group were asked to watch a handwashing 
video in addition to the theoretical training. The video 
was based on the 5 moments for WHO hand hygiene. 
An expert’s opinion was received before students were 
instructed to watch the video. The students were able to 
access the video using the password sent to their e-mail 
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address and could watch it again during the seven-week 
clinical practice. In addition to the video, the posters of 
hand hygiene created by the investigators were posted 
in strategic locations. Furthermore, the students were 
observed during the clinical practice on the basis of 5 
moments and asked to provide feedbacks. 

Step 3: After clinical practice, Glo Germ was re-applied 
on the students in both of the groups to obtain the 
handwashing skill effectiveness posttest data and 
microbiological examination posttest data. In addition, 
the HHBS and HHPI were administrated to students for 
final check. 

Fig.1.  Randomized controlled study flowchart 

 

First year nursing student (n=160) 

Simple randomization 

Excluded  (n=5) 
  Not meeting inclusion criteria (n=86) 
  Declined to participate (n=4) 
  Other reasons (n=5) 

Analysed  (n=30) 
 

Post test 

At the end of 7 weeks 

HHBS, HHPI, Glo germ, microbiological sampling 

 

 

 

 

Intervention group (n=30) 
Pre-test  
Written informed consent  
Student information form  
HHBS, HHPI,  Glo germ, microbiological sampling  
Hand Hygiene Training+ HHS video 5 min. 42 s, “5 moments” for hand 
hygiene+ flyers/posters placed in strategic locations+observation+fedback     
 

Post test 

At the end of 7 weeks 

HHBS, HHPI, Glo germ, microbiological sampling 

 

 

Control Group (n=30) 
Pre-test  
Written informed consent  
Student information form  
HHBS, HHPI, Glo germ, microbiological sampling  
Hand Hygiene Training 

Analysed  (n=30) 
 

Allocation 

Analysis 

Follow-Up 

Randomized (n=60) 

Enrollment 

Lost of follow-up (n=0) 
Lost of follow-up (n=0) 

Figure 1. Randomized controlled study flowchart 

Ethical considerations

To conduct the research, written approval was obtained 
from the university’s ethics committee (Date/No: 2021-
0869) and from the institution where the study was carried 

out (Date/No: 2021-0347). Prior to the study, written 
informed consent was obtained from all participating 
students following a detailed explanation of the research 
objectives.
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Data Evaluation 

The data obtained from the research were entered 
into the computer using the SPSS 22.0 for windows 
(Scientific Package for Social Statistics) package 
program and evaluated. Kolmogorov–Smirnov test was 
used to determine normal distribution of data. Data 
analysis employed descriptive statistics along with 
t-tests for comparing quantitative continuous variables 
between independent groups, as the data were found 
to be normally distributed. For the variance between 
the Repeated Measures, the ANOVA test was used. 

Microbiological samples were obtained by the colony 
count technique. 

Fındıngs

81.7% of the students were female and the mean age was 
19.95±2.90. 45.5% of the students stated that they had not 
received any formal education on the hand washing before, 
and 83.3% reported that hand hygiene was very important. 
The study found no significant differences between the 
control and intervention groups regarding the distribution 
of students’ descriptive characteristics (p > 0.05). 

Table 1. Comparison of Pretest and Posttest Mean Scores on the Hand Hygiene Belief Scale (HHBS), the Hand Hygiene Practices Inventory 
(HHPI) and First and Second Handwashing Skills for the Students in Intervention and Control Groups

HHBS Mean Scores Intervention Group (n=30) Control Group (n=30) Test results

Mean ± SD Mean ± SD t* p

Pretest 79.40±3.91 81.40±5.76 -1.572 0.121

Posttest 86.60±5.79 83.30±6.31 2,108 0.039

Test results t=-5.703; 
p<0.0001

t=-1.326
p=0.195

group*time: F=7.701, p<0.007

HHPI t* p

Pretest 64.567±3.159 64.567±4.256 0.0001 0.999

Posttest 68±2.435 66.267±2.993 2.46 0.017

Test results t=-4.328; 
p=<0.0001

t=-1.708
p=0.098

Group*time: F=22.533, p=0.179

Handwashing Skills

t p

First Handwashing 13.32 ±2.07 12.83±2.01 -.348, .258

Second Handwashing 19.57±1.25 13.16±2.69 -15.559, .000

Test results t*=-13.209
, p=.000

t*=-3.225, 
P=.063

Group*time: F=170.382, p<0.0001

t*: Independent sample t-test, F: Repeated measures ANOVA 

Students’ mean of total score on the HHBS was evaluated 
by the pretest and posttest repeated measures ANOVA, 
and the intragroup (time) differences (p<0.0001) and 
group*time interaction (p<0.001) were statistically 
significant. Since the group-time interaction was 
significant, intragroup and intergroup statistics were 
evaluated independently. Accordingly, the pretest mean 
score on the HHBS was 79.40±3.91 for the students in 
the intervention group and 81.40±5.76 for the students 
in the control group. The difference between the mean 
scores was not statistically significant (p>0.05). The 

posttest mean scores were increased in the intervention 
group (86.60±5.79) and control group (83.30±6.31) and 
this increase was statistically significant (p<0.05). In the 
evaluation of intragroup comparisons, there was no 
statistically difference between the pretest and posttest 
mean scores of the control group (p=0.195); however, 
there were statistically significant differences in the 
pretest and posttest mean scores of the intervention 
group (p<0.0001). The mean scores of students in the 
intervention group showed greater variation over time 
than the control group.
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that the difference in pretest mean scores on the HHBS 
and the HHPI for the students in the intervention 
group and control group was not found statistically 
significant (p>0.05). This finding is an important finding 
as it indicates that the groups are homogeneous. It was 
found that there was an increase in the posttest mean 
scores on the HHBS for the students in the intervention 
and control groups, and this increase was statistically 
significant. Belief in the importance and necessity of hand 
hygiene is an important factor that supports compliance 
with hand hygiene (11,24). It is reported that traditional 
teaching methods are insufficient to place the concepts 
appropriately and to ensure long-term improvement 
in hand hygiene practices (12). Similar to the finding 
obtained in this study, in their study, Kısacık et al. (2021) 
found statistically significant differences in the mean 
scores on the hand hygiene belief scale for the students 

 

Figure 2. Microbiological Assessment for Hand Hygiene of Students in the Intervention 

Group and Control Group   

 

 

CFTB: Control group finger tips before educatıon, CFTA: Control group finger tips after educatıon, IFTB: 
Intervention group finger tips before educatıon, IFTA: Intervention group finger tips after educatıon, CBFB: 
Control group between fingers before educatıon, CBFA: Control group between fingers after educatıon, IBFB: 
Intervention group between fingers before educatıon,  IBFA: Intervention group between fingers after educatıon, 
CTB: Control group thumb before educatıon, CTA: Control group thumb after educatıon, ITB: Intervention group 
thumb before educatıon, ITA: Intervention group thumb after educatıon, 

 

 

CFTB: Control group finger tips before educatıon, CFTA: Control group finger tips after educatıon, IFTB: Intervention group finger tips before 
educatıon, IFTA: Intervention group finger tips after educatıon, CBFB: Control group between fingers before educatıon, CBFA: Control group 
between fingers after educatıon, IBFB: Intervention group between fingers before educatıon, IBFA: Intervention group between fingers after 
educatıon, CTB: Control group thumb before educatıon, CTA: Control group thumb after educatıon, ITB: Intervention group thumb before 
educatıon, ITA: Intervention group thumb after educatıon,

Figure 2. Microbiological Assessment for Hand Hygiene of Students in the Intervention Group and Control Group 

skill assessment. However, significant differences were 
observed in the second handwashing skill evaluation 
(p<0.001). In the evaluation of intragroup comparisons, 
there were no statistically significant differences in the 
mean scores on the first and second handwashing skills 
of the control group (p=0.063); however, there were 
statistically significant differences in the mean scores on 
the first and second handwashing skills of students in the 
intervention group (p<0.0001). 

The mean total scores on the first and second handwashing 
skills of students were evaluated by the repeated 
measures ANOVA, and the intragroup (time) differences 
(p<0.0001) and group*time interaction (p<0.0001) were 
statistically significant. Since the group-time interaction 
was significant, the intragroup and intergroup statistics 
were evaluated independently. No statistically significant 
difference was found between the intervention and 
control groups in mean scores for the first handwashing 

Microbiological analysis of swab samples collected from 
three distinct regions of the dominant hands in both 
intervention and control groups revealed bacterial colony 
counts, which were subsequently log10-transformed and 
presented in the figure above. Among all the samples, 
the fingertip had the highest colony count and the 
thumb had the lowest colony count. In comparison of all 
three areas between the control group and intervention 
group, reduction was observed in all three areas after 
intervention. 

Discussion 

The findings of the present study, which was conducted 
to investigate the effect of multicomponent hand 
hygiene education on the beliefs, practices and skills 
of nursing students regarding hand hygiene, indicate 
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post-training, students properly executed handwashing 
procedures and achieved more effective decontamination 
of high-risk zones such as the fingertips.

According to the results of this study, the use of multiple 
interventions had a favorable effect on nursing students’ 
hand hygiene beliefs, behaviors, and technical abilities. 
Such an approach should be adopted in both educational 
settings and professional development training.

Study Limitations

A possible limitation of this study is that the long-term 
retention of handwashing beliefs, practices, and skills 
was not assessed, as no follow-up measurement was 
conducted after the posttest. Additionally, the study did 
not evaluate whether the improvement in microbiological 
outcomes translated into sustained behavioral change in 
clinical settings outside the training environment. 

Conclusion

Based on the pretest findings of this study, the nursing 
students had a positive belief in the importance of hand 
hygiene but they had lower scores on the handwashing 
skill. Based on the posttest findings, hand hygiene 
training using multiple interventions both resulted in a 
significant increase in scores on the handwashing belief, 
practice and skill of students and caused decrease in the 
microbiological growth. The recommendation is that 
hand hygiene training incorporate not only theoretical 
content but also practical exercises to build skills, that 
handwashing abilities be evaluated periodically with 
accompanying feedback, and that microbiological 
assessment be used to provide concrete evidence of the 
effectiveness of hand hygiene practices.
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in the intervention and control group (10). Korhonen et 
al. (2019) studied the effect of hand hygiene training with 
multicomponent interventions on the students’ evidence-
based knowledge of hand hygiene, found that the group 
receiving hand hygiene training had better knowledge 
of hand hygiene than the group that did not receive 
hand hygiene training, but did not find any differences in 
appropriate hand asepsis time between the groups (9). 

Both the intervention and control groups demonstrated 
statistically significant increases in their posttest HHPI 
mean scores. These results are consistent with the findings 
of Kısacık et al. (2021), who likewise observed significant 
posttest differences between experimental and control 
groups on the HHPI (10). 

The mean scores on the first hand washing skill were 
found to be low for the intervention and control groups. 
A statistically significant improvement was observed 
in the intervention group’s second handwashing skill 
scores compared to baseline measurements. The results 
of several studies support our suggestion that it may 
be a useful option to provide visual feedbacks using a 
fluorescent compound in order to improve handwashing 
skill and compliance (10, 12, 25). 

Based on the microbiological assessment results, the 
fingertips had the highest colony count and the thumb 
had the lowest colony count among the samples areas. It 
was observed that there was a decrease in microbiological 
growth for the students in the intervention group after 
the training. 

The highest colony count being detected on the 
fingertips implies that this region is often omitted during 
handwashing, receiving insufficient mechanical friction. 
Anatomically, the fingertips, subungual areas, and 
interdigital spaces are conducive to microbial survival, 
and these sites also experience the greatest frequency 
of surface contact during routine activities. Therefore, it 
may be deduced that prior to the intervention, students 
did not adequately rub their fingertips nor adhere to 
correct handwashing technique. The observed decline 
in microbiological growth within the intervention 
group following the training provides evidence that a 
multifaceted educational strategy comprising theoretical 
knowledge, hands-on skill application, and feedback 
exerted a favorable effect on both subjective (self-reported 
belief and practice) and objective (microbiological 
contamination) outcomes. This reduction reflects that 
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