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ABSTRACT

Objective: Hand hygiene is very important as the hand is the organ that contains the most microorganisms. On the other hand, the school
environment is an important environment for raising awareness of hand hygiene and acquiring handwashing behavior. This research was
conducted to determine the effectiveness of the ‘My Hands are Clean Program’, which is carried out with the virtual reality method based
on the health promotion model.

Methods: This research is a quasi-experimental study with a pre-test and post-test model. The research population is 4th-8th grades in a
school. Data were collected by socio-demographic characteristics form, hand hygiene observation form, and decision scale. Measurements
were made before the training, after the training, the first follow-up after one month and the second follow-up after two months. Data were
analyzed using IBM SPSS 26.0, Kolmogorov-Smirnov, Wilcoxon Test, Fridman Test, Mann Whitney U test, Kruskal Wallis test, and Bonferroni-
corrected pairwise comparisons in further analysis. The “TREND checklist” was used to report it.

Results: The students got the highest score on the hand hygiene observation form at the first follow-up. It was determined that students’
post-test, first follow-up and second follow-up mean scores were significantly higher than the pre-test mean scores. In Gpower Post hoc
power analysis, the power of the study was determined to be 99%.

Conslusion: It can be said that the use of technology-based methods in developing handwashing behavior, which will affect lifelong health,

is effective for school-age students.
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1. INTRODUCTION

Schoolis anideal environment for preserving and maintaining
the physical, social, and spiritual well-being of children,
preventing diseases, promoting health, and providing
positive behavioral changes. Various health problems seen in
school-age affect the learning process negatively. Childhood
is a suitable period to change health habits in a positive
way. Hygiene, which is the most important way to protect
health, is defined as the purification of polluted substances
in the environment (1). Hand hygiene is of great importance
as we use our hands the most in daily life, transporting
contaminated materials, preparing food, and cleaning goods
(2-5).

Studies emphasize that hand washing is very effective in
preventing infection transmission. According to a study
conducted in the daycare center, it was found the use of
disinfectant during hand washing decreased and fewer

antibiotics were prescribed for children hospitalized in the
care center due to infection (6). In a study examining the
effectiveness of the comprehensive hand hygiene module on
preschool children, it was emphasized that the hand hygiene
scores of the children increased significantly after the training
compared to before (7). As a result of the hand hygiene
activity, which was organized with a semi-experimental
design for kindergarten children, it was concluded that the
knowledge level of the children increased and they could use
the appropriate hand washing technique (8).

It is aimed to provide clean water and personal hygiene in
primary health services for school health. Personal hygiene
behaviors are those that should be acquired in the family
environment at an early age before coming to school. At
school, under the supervision of school health professionals,
it is necessary to eliminate the deficiencies, to acquire and
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maintain these behaviors (9). Thus, health professionals
working at the school have unique opportunities to diagnose
students with handwashing deficiency in the early stages, for
reasons such as general health screening, school entrance
examination, regular follow-up of the child throughout the
school term, and so on. School health professionals can plan
interventions to take precautions by observing the potential
risks that may occur due to not washing the hands of
students or not washing their hands with the right technique
based on behavior change models. These initiatives may
also be based on behavior modification models (eg health
promotion model etc.). With the behavior change plan they
have prepared, they try to facilitate the change by providing
education and counseling to the student, their families,
and teachers, by conducting motivational interviews, and
by applying/enforcing the right-hand washing technique.
With the education to be given by a health professional
that students know and trust, students can increase their
compliance and commitment to the behavior change plan
(4,10). In our country, health education is mostly given
by a teacher assigned to the school. However, the health
knowledge of teachers and the health education they provide
are limited. Therefore, health education in schools needs to
be provided by a health professional raising the permanence
of the information, and the student’s attitudes toward the
subject (11).

Even if children know and applies the importance of
handwashing as taught in the lessons, it is unclear whether
they know and apply effective handwashing steps. As a
result of hand washing, the hands appear clean, which
makes them believe that their hands are clean. However,
as a result of many studies, it has been revealed that there
are many health problems due to ineffective hand washing
(5,12-14). As a result of the fact that hand washing is not
performed at the desired level in accordance with the correct
hand washing techniques in ensuring hand hygiene, various
innovative training approaches should be developed and
the effectiveness of the training should be increased (15—
18). Microorganisms on hand are made visible with virtual
reality technology, which is one of the innovative educational
approaches, and offers individuals an experiential learning
opportunity (19,20). It is thought that the presence of gel
residues under ultraviolet light after using soap and water
with the help of a fluorescent gel will help the behavior to
occur more carefully and following the principles in the next
hand washing behaviors (21,22).

This research, it was aimed to determine the effectiveness
of the Health Promotion Model (HGM)-based My Hands are
Clean Program carried out with the virtual reality method in
ensuring the effective implementation of hand hygiene and
its effect on the handwashing behaviors of the students.

2. METHODS

2.1. Type of Research

This research is a quasi-experimental study with a pre-test
and post-test model.

2.2. Research Hypothesis

In the pre-test, follow-up, and post-tests of the students who
participated in the ‘My Hands are Clean Program’; There is a
significant difference in hand hygiene effectiveness between
the total hygiene scores of the palm, fingertip, interdigital,
thumb, back of the hand, and wrist regions.

2.3. Variables of the Study

The observation form score showing the effectiveness of
hand hygiene was taken as the dependent variable, and the
‘My Hands are Clean Program’ based on the EGM given by
the virtual reality method was taken as the independent
variable.

2.4. Research Place and Time

This study was conducted with students at a school in Istanbul
between December 2021 and March 2021.

2.5. Population and Sampling of the Research

The research population is 4th-8th grades in a school. It
consisted of 228 students studying in classrooms. 169 people
participated in the pre-test of the study, and the post-test was
completed with 156 people. Since the study was conducted
during the pandemic, the first follow-up was completed with
115 people and the second follow-up with 85 people due to
dropout and absenteeism. After the study, in the G power
post hoc power analysis, when the eta square, effect size,
and number of participants obtained from our data were 85,
the alpha value was 0.05, and the correlation coefficient was
0.202, the power of the study was determined to be 99% as
a result of the power analysis.

2.6. Data Collection Tools

The data were collected by the researcher and observers
using a socio-demographic characteristics form and a hand
hygiene observation form.

2.6.1. Socio-Demographic Characteristics Form

Developed by the researchers. Students’ age, class, education
level of parents, hand washing habits, access to water and
soap, etc. It was composed of 24 questions questioned
(1,6,12).
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2.6.2. Hand Hygiene Observation and Decision Form

This form was developed by the researchers to evaluate the
effectiveness of virtual reality training on hand washing.
The observation form was structured in such a way that the
observation result could be evaluated quantitatively and
to ensure correct decision-making among the observers.
Before the application, a pilot application was made to 10
students and the application was started after the observers
were harmonized. Observers were trained on how to use the
observation form. This form was used before and after the
hand washing training and in follow-ups. For this purpose,
the hand area was divided into 6 sections. These were; palm,
fingertip, inter-finger, thumb, back of the hand and wrist.
Scoring was done as follows: In the evaluation of the washing
efficiency of the hand divided into 6 regions, 2 points were
given to the region where the Glo Germ material was cleaned
and 1 point was given to the region where it was not cleaned.
As aresult of the 6 regions observed, the maximum score was
6x2=12 points, indicating that hand washing was complete
and effective. The lowest score was 6x1=6 points, indicating
that handwashing was quite ineffective. In the evaluation;
all scores below 12 points indicated that the hand washing
technique should be improved and the training should
be repeated. A score of 1-6 points indicated completely
inadequate handwashing, 7-11 points indicated that there
were areas to be improved in handwashing behavior, and
12 points indicated correct handwashing behavior. Expert
opinions were obtained from 3 faculty members who are
experts in the field of public health for the observation and
decision form.

Student’s sociodemographic characteristics, handwashing
behavior and perceptions specific to its output, form of
handwashing experiences;

A form containing questions about age, gender, income
level, handwashing frequency, previous handwashing
behavior, whether they had received handwashing training,
knowledge of the harms of not washing hands, whether they
had their own towel, self-confidence in correct handwashing,
handwashing behaviors of people around them, situations in
which they wash their hands frequently, and willingness to
receive handwashing training was used.

Behavior Outputisthe result of the Hand Hygiene Observation
and Decision Form.

2.7. My Hands are Clean Program

Hand hygiene training developed by the researchers was
explained to all classes in a three-week period by the senior
nursing students in a 40-minute school lesson period with
video and demonstration methods. The training program
was prepared by considering the basic components of
Pender’s Health Promotion Model. Health Promotion Model
has three basic components: individual characteristics and
experiences, perceptions specific to behavior, and behavioral
outcomes. In this study, all interventions were conducted
taking into account the components of the model. In the first

week of the program, the presentation and announcement
of the study were made and pre-tests were applied. My
Hands are Clean training program was implemented for three
weeks. Post-tests were administered in the fourth week.
Two follow-ups were conducted to determine the effect of
the “My Hands are Clean Program”. Handwashing behaviors
were repeated at one-month intervals and scored by the
same independent observers. (Figure 1).

Initiatives for the ‘individual characteristics and experiences’
component of the Health Promotion Model;

Experiences are behavioral factors that have direct and
indirect effects. The success or failure of the previous
behavior affects the outcome of the next behavior (23). In
this scope, students were helped to understand the effect
of hand washing behaviors with the virtual reality method
so that they could see the difference between their previous
and subsequent behaviors. Glo Germ bacteria simulation gel
was applied for virtual reality. When the hands are washed
with the correct technique, a spotless clean hand appearance
is obtained when viewed with a special lighted lamp. On the
other hand, bright and colorful bacteria are seen on hands
that are not washed with the correct technique. This gel
was squeezed a little on the students’ hands and they were
allowed to apply it all over their hands like hand cream. They
were made to wash their hands in the same way as they did
in the pre-test before the training and the effectiveness of
their washing with light was checked and scored. The areas
that were not washed well were shown to the students and
explained.

Attempts towards the ‘behavior-specific perceptions’
component of the Health Promotion Model;

The Health Promotion Model is influenced by the perceived
benefit specific to the behavior, barriers to performing
the behavior, social norms and self-efficacy to perform
the behavior (23). In this context, the stages of this model
were implemented in the “My Hands are Clean” program
as follows; in the training program for ‘perceived benefits’
and ‘perceived barriers’; the focus was on the benefits and
advantages of hand washing behavior. Individual measures
(such as creating a hand hygiene kit and keeping it in the
bag) were discussed to overcome the barrier of lack of hand
washing materials at school. In order to increase self-efficacy;
the effectiveness of hand washing was discussed with the
students through the concrete colored view obtained with
virtual reality. Good washes were praised for receiving high
scores, and the washing process was repeated with the
observers for the hand areas that were not washed well
and received low scores. Students were given motivating
messages such as “you can do it”, “you were able to clean the
bacteria when you washed with the right technique”. For the
social norms part of the model; students who washed their
hands with the correct technique and scored high became
peer role models in the classroom and provided motivation
for others to develop correct handwashing behavior. For
the situational factor of the model, teachers in the school
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community gave positive feedback and reminders by showing
the videos in their lessons from time to time.

Initiatives for the ‘Behavioral outcomes’ component of the
Health Promotion Model; After the “My Hands are Clean
Program” and at the follow-up, the previous hand washing
behavior scores and the current ones were compared with the
observers for hand washing behavior with the correct technique
with the hand hygiene observation form and the areas that
needed to be improved were discussed with the student.

Baseline population (N=228)

v

Those evaluated in pretest (n=169)
- Sociodemographic form
- Glo Germ kit app
- Observation of hands under virtual reality kit
- Hand hygiene observation form
- Decision scale-score

v
INITIATIVE
My Hands are Clean Program

- Absents (n=13)
- Those who didn’t
complete (n=0)

l

Those evaluated in the posttest (n=156)
- Glo Germ kit app
- Observation of hands under virtual reality kit
- Hand hygiene observation form
- Decision scale-score
v

- Absents (n=45)
- Those who didn’t complete

v

Evaluated at follow-up (n = 115)

- Glo Germ kit app

- Observation of hands under virtual reality kit
- Hand hygiene observation form

- Decision scale-score

2nd Week

After 1 month
1st Follow-up

¥
- Absents (n=30)
- Those who didn’t complete

)

Evaluated at follow-up (n =85)

- Glo Germ kit app

- Observation of hands under virtual reality kit
- Hand hygiene observation form

- Decision scale-score

After 1 month
2nd Follow-up

Figure 1. Flow diagram of the Study

2.8. Statistical Analysis

Statistical evaluation of the data database was created in
IBM SPSS 26.0 program and percentage, mean, and median
were looked for descriptive statistics. The Kolmogorov-
Smirnov test used the Kolmogorov-Smirnov test to check for
compliance with the normal distribution of the data, and the
Wilcoxon Test, Fridman Test, Mann Whitney U test, Kruskal
Wallis test, and Bonferroni-corrected pairwise comparisons
were used to compare the hand hygiene observation form
scores.

2.9. Ethical Considerations

Ethics Committee approval numbered 09.2019.975 (date:
07.02.2020) and written consent from students and parents
were obtained from Marmara University Interventional
Ethics Committee for this research. Institutional permission
from the school where the study was conducted (number:
E-16911314.900.00000143273, date: 28.05.2021) and
permissions from the researchers who adapted the scales
into Turkish were obtained. Verbal and written consent was
obtained from each participant before the study, and they
were asked to fill in the informed consent form, and only the
participants who gave consent were included in the study.

3. RESULTS

It was determined that 26% of the students participating in
the study were in the 4th grade (n=44) 52.1% of students were
male (n=88), 66.3% of the parents were in secondary school
or below-educated (n=112). 45 % of the students were 12-13
years old (n=76). 78.1% of the students stated that they have
the necessary materials for hand hygiene at home (n=132)
and the materials required for hand hygiene at school 47.9%
(n=81). 93.5% of the students reported they were confident
in washing their hands with the correct technique (n=158).

The mean scores of the students’ Hand Hygiene Observation
Form are presented in Table 1, and it was observed that there
was a significant difference according to time (p<0.001).
According to the results of the Wilcoxon test with Bonferroni
correction, which was performed to determine between
which groups the difference was, it was determined that the
post-test, first follow-up and second follow-up mean scores
were significantly higher than the pre-test mean scores. In
addition, the mean scores of the Hand Hygiene Observation
Form at the first follow-up and at the second follow-up were
significantly higher than the mean scores of the post-test
(Table 1).

Table 1. Comparison of the scores of the students from the hand
hygiene observation form

Duration XSS (Med) X
Pre-test® 6.46+0.96 (6)
Hand : 5
. Final test 8.61+1.58 (8)
Hygiene 0.000

First Follow-up® 10.25+1.40 (10) 147,731
Second Follow-
up?

Observation a<b<c,d*

Form

9.80+1.70 (10)

X2 Fridman Test, *Wilcoxon Test with Bonferroni correction

A significant difference was found between pretest-posttest-
follow-up tests between socio-demographic variables
(gender, age, parental education level) and students’ self-
confidence in washing their hands with the right technique,
and the availability of hygienic materials at home and at
school (p<0.001) (Table 2).
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Table 2. Scores from the hand hygiene observation form according to socio-demographic variables and time

Pre-Test

Final Test

First Follow-up

Second

Follow-up

Statistics

Variables XtsS Xtss XtsS XtsS

Gender

Female (n=81) 6.4410.92 8.45t1.4 10.53+1.14 9.731.63 80.757 0.000
Male (n=88) 6.47+1.03 8.75+1.72 10.02+1.57 9.86x1.77 69.068 0.000
z -0.225 -1.029 -1.585 -0.636

p 0.822 0.303 0.113 0.525

Age

8-9 (n=26) 6.4611.17 8.23+1.56 9.47+1.37 10.06+1.64 24.829 0.000
10-11 (n=56) 6.3410.84 8.53+1.57 10.241.26 9.45+1.86 45.037 0.000
12-13 (n=76) 6.54+1.04 8.68+1.6 10.5841.32 9.93+1.56 75.924 0.000
14 and above (n=11) 6.4510.69 9.5+1.43 9.83+2.23 10.25+2.36 6.536 0.088
2 2393 5.46 9.153 2.293

p 0.495 0.141 0.027 0.514

Parent educational background

Middleschool and below (n=112) 6.58+1.1 8.74+1.55 10.31+1.44 9.9+1.68 102.501 0.000
Highschool and above (n=57) 6.21+0.59 8.37£1.63 10.1541.35 9.58+1.73 45.899 0.000
z -2.379 -1.465 -0.716 -0.950

p 0.017 0.143 0.474 0.342

Confidence in washing your hands with the right technique

Not sure (n=11) 6.45+1.51 9.11+2.03 10.7141.38 10.4340.79 13.800 0.003
Sure (n=158) 6.4610.93 8.58+1.56 10.22+1.41 9.7611.73 134.247 0.000
z -1.065 -0.841 -1.021 -0.805

p 0.287 0.400 0.307 0.421

Availability of hygienic materials at home

Yes (n=132) 6.42+0.91 8.55+1.63 10.14+1.43 9.9+1.66 135.160 0.000
Sometimes (n=37) 6.57+1.19 8.83+1.42 10.7941.13 9.28+1.84 18.714 0.000
A -0.151 -1.066 -1.816 -1.409

p 0.880 0.286 0.069 0.159

Availability of hygienic materials at school

Yes (n=81) 6.4410.97 8.58+1.56 10.3+1.45 9.84+1.65 83.079 0.000
No (n=38) 6.37+0.88 8.67+1.71 10.12+1.42 9.5+2.02 19.583 0.000
Sometimes (n=50) 6.54+1.05 8.6+1.55 10.2741.35 9.91+1.58 45.902 0.000
e 0.471 0.113 0.316 0.343

p 0.790 0.945 0.854 0.842

1x%: Fridman Test, 2x*: Kruskal Wallies Test, Z: Mann Whitney U Test

4. DISCUSSION

In this study, hand hygiene behaviors of students aged 8-14
years, whose parental education level was middle school or
below and who were studying in a primary school with low
school attendance, and behavioral changes after the training
were examined. The results of the study showed that the ‘My
Hands are Clean Program’ was effective in improving hand
washing behaviors in school children. In addition, desired

behavior change was observed not only in the post-test
conducted two weeks later but also in the first follow-up
conducted one month later. We think that the interventions
made for the “behavior-specific perceptions” component of
the Health Promotion Model were effective in this success of
the program. Although there was a minimal decrease in the
mean score at the second follow-up according to the hand
hygiene observation form, statistical significance did not
change. We can say that the ‘My Hands are Clean Program’
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is effective in maintaining the behavior not only in the short
term but also in the long term. According to the Health
Promotion Model used in this study, perception is affected
by the perceived benefit specific to the behavior, barriers to
performing the behavior, social norms and self-efficacy to
perform the behavior (23). In this scope, the interventions
made in line with the stages developed based on the model
in the ‘My Hands are Clean Program’ were effective. We think
that the model-based interventions may have increased
children’s perception of self-efficacy in both short and long
term effectiveness of the expected behavioral outcome.
In addition, the implementation of the application in the
classroom environment may be the desire of peers to be role
models for each other. Moreover, the fact that the teachers
at the school ensured the reinforcement of hand washing
behavior by watching the hand washing videos once a week
during class hours may have affected the process. Most
importantly, it was observed that the students immediately
saw the difference in hygiene before and after hand washing
with the virtual reality kit and instantly saw the effect of
effective hand washing or not washing and increased the
effect on concrete situation perception and behavior. It is
known that the acquisition of effective hand washing behavior
provides significant benefits especially in the protection of
primary school children from infections (24,25). In similar
studies conducted with school-age children reported that
a large proportion of students practiced the correct hand
washing steps in their study conducted to improve hand
hygiene practices with a social robot-assisted intervention in
a school in India (26). In another study, Arbi Care, an android-
based educational intervention, was implemented twice
a week for five weeks for children aged 4-6 years. It was
found that the self-efficacy development scores of children
in the intervention group increased significantly over time
compared to the control group (27). In order to prevent
diarrhea in vulnerable children, a handwashing intervention
was carried out by means of soaps with toys in them. The
control group was given a normal soap with traditional
expression. After the intervention, it was found that children
in the control group were four times more likely to get
diarrhea compared to children in the intervention group (28).
In another quasi-experimental study titled ‘Hand hygiene
Fun Month’ for kindergarten students, it was found that after
an intervention focusing on the right time, right duration
and right steps, the intervention group’s knowledge level on
the subject increased significantly compared to the control
group, and the intervention group had significantly higher
levels of left palm, back of hand, right palm and general
hand hygiene compared to the pre-intervention group (8).
In a study examining parent-child interaction and children’s
hand washing behaviors during a STEM activity at home, the
importance of using soap in hand washing was conveyed. In
the measurements made one week after the parent-child
participated in the intervention together, it was reported
that the use of soap supported children to gain the belief
that they could protect themselves from certain diseases
(29). One of the studies in the literature implemented an
intervention to improve hand hygiene in children with digital

intervention, including animated instructions triggered by
the use of soap and water and a symbolic reward displayed on
the screen during and immediately after hand washing. After
the intervention, they concluded that children’s time to soap
their hands increased by 5.30 seconds (30). Similar to the
results of this study, it has been concluded in the literature
that the interventions carried out to implement the hand
hygiene trainings given to children with the right steps in
digital environments and with an embodied system are more
beneficial for children to ensure hand hygiene. Although
the absence of a control group in our study constitutes a
limitation, when the literature is examined, it is concluded
that it is very important to teach the event by concretizing
the event with technological tools in the acquisition of hand
washing behavior with the correct technique, especially
in school-age children. It can be said that peer and family
support is very useful in maintaining the behavior. In the
absence of correct handwashing behaviors, it is known
that reinforcing the correct handwashing behavior with
demonstration, giving encouraging feedback, and providing
social and peer support are important in teaching the correct
behavior (31,32). In a systematic review of adolescents aged
12-15in eighty countries, the low rates of inappropriate hand-
washing behavior and especially after the toilet in countries
with low socioeconomic status are similar to the data of
this study. In addition, it was emphasized that handwashing
with water and soap provides effective protection for the
improvement of handwashing behavior, especially during
the pandemic process, and they stated that there are few
studies on adolescents (33). In this study, it can be said that
although the majority of the sample consisted of adolescent
students and they had knowledge about the importance of
hand washing, they had difficulty in putting it into behavior.
One study of the literature, it was determined that although
students’ awareness of the importance of handwashing in
the prevention of infectious diseases was high, their behavior
towards handwashing was low (34). There are studies in
the literature that emphasize the necessity of transforming
knowledge about hand washing into behavior (35-37). In the
study conducted with the virtual reality method applied to
primary school children in Budapest, statistical significance
was found when the scores they got from the pretest-posttest
and first follow-up-second follow-up after the handwashing
training supported by visuals were compared. In addition,
in the same study, students’ self-efficacy in effective hand
washing was found to be statistically significant (38). In a
study conducted using a prospective design, the effect of
handwashing on self-efficacy was found to be significant
when the relationship between students’ handwashing and
self-efficacy was examined (39). In this study, it can be said
that the handwashing skills of the students improved and
their self-efficacy on this subject improved. In this study, it
can be said that it was observed that students’ hand washing
skills improved and their self-efficacy in hand washing
improved.

In this study, it was observed that the results of the Health
Promotion Model-Based ‘My Hands are Clean Program’
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conducted with the Virtual Reality Method were similar to
other studies in terms of results, but it was more motivating
in learning because it provided visual feedback in teaching
effective hand washing. The most important factor that
distinguishes our study from other studies is that the virtual
reality method and model-based education process was
carried out. We think that it would be useful for researchers
who will work on a similar subject to use innovative
technology-based methods and model-based interventions
that increase concrete learning with a control group to
develop behaviors and make a qualified contribution to the
literature.

5. CONCLUSION

As a result of the ‘My Hands are Clean Program’ carried
out with the virtual reality method based on the health
promotion model, it was determined that the scores of the
students from the hand hygiene observation form increased
compared to the scores obtained before the program and this
continued to increase over time. It can be said that the use
of technology-based methods in developing handwashing
behavior, which will affect lifelong health, is effective for
school-age students. The results of this study point to
several implications and recommendations for school health
professionals; proper handwashing prevents diseases, and
protects and improves health. Therefore as school health
professionals, we must provide students with information
and counseling about hand washing. Health professionals
should take the initiative to increase the handwashing levels
of students, parents, and school administration.

This research is limited to the findings obtained after the
‘My Hands are Clean Program’ was applied to students in the
relevant school. It is thought that conducting follow-up tests
by the randomized controlled research design while planning
health education provided with virtual reality technology in
the future will increase the level of evidence of the research.
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