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ABSTRACT

Objective: To evaluate the effectiveness of the hand hygiene process after elementary school students participated in an educational
activity using an automated digital technology called Tutor Robot.

Method: Quasi-experimental study developed in 2019 with elementary school students (n=203). Hand hygiene was performed
with a fluorescent solution before and after participating in an educational activity with a tutor robot. The images were recorded in
a dark chamber and the data related to area of residence, grade, gender, hand position and laterality were analyzed by Anova and
Holm-Sidak Post-Hoc (p<0,05).

Results: All conditions studied improved the hand hygiene process after activity with the tutor robot. There was no association
between grade, gender, and dominant hand and the performance in the hand hygiene process, however, students from urban areas
performed better than those from rural areas.

Conclusion: The activity with the tutor robot represented an important resource for conducting health education actions on hand
hygiene and can also be tested in other settings and populations.

Descriptors: Hand hygiene. Students. Health education.

RESUMO

Objetivo: Avaliar a efetividade do processo de higienizacao das maos apds a participacdo de estudantes do Ensino Fundamental em
uma atividade educativa, com uso de uma tecnologia digital automatizada, denominada robd tutor.

Método: Estudo quase-experimental desenvolvido em 2019 com estudantes do Ensino Fundamental | (n=203). Foi realizada
higienizacdo das maos com solucdo fluorescente antes e apds a participacao em atividade educativa com um robd tutor. As imagens
foram registradas em camara escura e os dados relacionados a drea de residéncia, série, sexo, posicdo das maos e lateralidade foram
analisados por Anova e Post-Hoc de Holm-Sidak (p<0,05).

Resultados: Todas as condicdes estudadas melhoraram o processo de higienizacao das méaos apds atividade com o robd tutor. Nao
houve associagdo entre série, sexo e mao dominante e o desempenho no processo de higienizagdo das mdos, porém, estudantes da
drea urbana apresentaram desempenho melhor do que os provenientes de drea rural.

Conclusdo: A atividade com o robd tutor representou um recurso importante para a realizacao de acdes de educacdo em satide a
respeito da higienizacdo das mdos, e pode também ser testada em outros cendrios e populacdes.

Descritores: Higiene das maos. Estudantes. Educacdo em satide.

RESUMEN

Objetivo: Fvaluar la eficacia del proceso de higiene de manos tras la participacion de estudiantes de educacion primaria en una
actividad educativa, utilizando una tecnologfa digital automatizada denominada Tutor Robot.

Método: Estudio cuasi-experimental desarrollado en 2019 con estudiantes de primaria (n=203). Se realiz6 higiene de manos con
una solucién fluorescente antes y después de participar en una actividad educativa con un robot tutor. Las imagenes se grabaron en un
cuarto oscuro y los datos relacionados con la zona de residencia, el grado, el sexo, la posicién de la mano y la lateralidad se analizaron
mediante Anova y Post-Hoc de Holm-Sidak (p<0,05).

Resultados: Todas las condiciones estudiadas mejoraron el proceso de higiene de manos después de la actividad con el robot tutor.
No hubo asociacién entre el grado, el sexo y lamano dominante y el desempefio en el proceso de higiene de manos, sin embargo, los
estudiantes de la zona urbana se desempefiaron mejor que los de la zona rural.

Conclusion: La actividad con el robot tutor representd un recurso importante para la realizacion de acciones de educacién sanitaria
sobre higiene de manos, puede también ser testeada en otros escenarios y poblaciones.

Descriptores: Higiene de las manos. Estudiantes. Educacion en salud.
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Bl INTRODUCTION

Hand hygiene is a simple but very effective process for
preventing infectious diseases. However, little progress has
been made in the last two decades regarding the population’s
adherence to this practice, and even to the proper procedure,
which motivated the creation of World Hand Hygiene Day,
on May 5, 2022, by the World Health Organization®.

In a study involving around 80 countries, the frequency
of hand hygiene among adolescents aged 12 to 15 years was
evaluated.The results showed a low prevalence of good hand
hygiene practices, especially in less economically developed
countries. Hand hygiene before meals, after using toilets and
using soap during this procedure were rarely mentioned by
poorer populations. The authors highlighted the importance
of conducting educational activities to improve these rates.

Good hand hygiene practice also involves the correct
use of the technique, following each of the steps involved.
In a study conducted in Pakistan, elementary school stu-
dents initially performed hand hygiene, according to their
own knowledge. The scores were recorded by an evaluator
and then, the students participated in an activity on the
hand hygiene technique according to the World Health
Organization. After a few weeks of the educational activity,
this process was repeated and the post-intervention scores
recorded were significantly better®,

Ina study conducted with students aged 13 to 18 years,
using soap with a fluorescent marker, it was also verified
that the students’ previous knowledge was not enough
for the correct use of the hand hygiene technique, with
the absence of the fluorescent substance in some regions.
However, after performing the educational intervention, there
was an improvement in hygiene, with better distribution of
fluorescence on hands®,

It should be highlighted that the school is a place where
students spend a big part of the day, exposed to infections,
which was verified in the flu pandemic caused by the HIN1
virus in 2009, showing that infectious diseases can quickly
spread in school settings®.

Theimportance of schools in controlling the transmission
of diseases has been widely discussed, especially due to the
new pandemic caused by the coronavirus (SARS-CoV-2),
which causes Covid-19%, Current evidence points out that
the virus that causes COVID-19 is transmitted through re-
spiratory droplets or by contact, when contaminated hands
touch the mucous membranes of the mouth, nose or eyes.
The virus can also be transferred from one surface to an-
other through contaminated hands, which facilitates its
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indirect transmission to other people. Consequently, hand
hygiene is important to prevent the spread of the virus that
causes COVID-19110-12),

Conducting educational practices regarding hand hy-
giene with students can have a great impact on their own
health, as well as that of their families and the community
in which they live. However, the choice of the educational
approach is important and should consider the strategies
with the greatest reach for the target audience. In this case,
of elementary and high school students, it is important to
use playful resources, as they have the potential to spark the
interest of this population3'4,

A recent scoping review investigated the digital tech-
nologies used as tools for intervention or monitoring of
handwashing practices in children in educational settings.
In this study, it was found that computer games, videos and
video cameras were used in hand hygiene activities in children
aged less than 12 years. These technologies were used both
to monitor the hand hygiene process and to promote this
practice among children. The review showed that studies
that used computer games were effective in improving
children’s knowledge about hygiene, with repercussions on
the handwashing processt’.

The data presented shows that hand hygiene is an im-
portant aspect in disease prevention, however, turning it
into a habit and correctly using hand hygiene technique
are still considered challenges to be overcome. The school
is an important scenario for conducting health actions and
playful activities should be considered in situations where
children represent the target audience.

The objective of the present study was to evaluate the
effectiveness of the hand hygiene process after elementary
school students participated in an educational activity of
a playful nature, using an automated digital technology
called tutor robot.

B METHOD

This is a quasi-experimental study, therefore without
sample randomization, in which each student participated
twice in data collection, one before and other after the
educational intervention for hand hygiene using the tutor
robot. Quasi-experimental studies have been used to verify
the effectiveness of educational actions to improve the hand
hygiene process®'®.

The study was conducted in compliance with the
Resolution of the National Health Council (Conselho Nacional
de Saude — CNS), no. 466/2012 and the Operational Norm
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no. 001/2013 of the CNS, approved by the Research Ethics
Council, under opinion number 3,250,667 and CAAE
09095319,1,0000,5413, on April 8, 2019.

The city of Alvares Machado, in the interior of the State
of Sdo Paulo was selected for this study, with a popula-
tion of 24,915 inhabitants, according to the 2019 Census of
the Brazilian Institute of Geography and Statistics (/nstituto
Brasileiro de Geografia e Estatistica — IBGE)™. The city’s munici-
pal education system has twelve institutions, eight Municipal
Schools for Early Childhood and Elementary Education -
EMEIF (2,428 students) and four Municipal Schools for Infant
Education — EMEI (316 students). The study was conducted in
the only two EMEIF in the city with students from the urban
and rural areas from the region. The choice to work with
Elementary School | was made due to the playful nature of
the activity, with the potential to spark the interest of students.

All students regularly enrolled in the 3¢, 4 and 5" grades
of Elementary School were invited to participate in the study,
initially verbally and, after confirmation of interest, with the
consent of the students and their parents by signing the
Informed Consent Form. Students of both genders were
included in the study, with no restrictions regarding age, eth-
nicity, family income, school performance and mild hearing
and visual impairments. Exclusion criteria were the use of
plaster casts or immobilizing splints on one or both regions
of the upper limb or the existence of dermatological issues
on the hands, such as dermatitis and mycosis.

The minimum sample size was estimated to be 246 sam-
ple elements to analyze the interaction between group (3
groups) and time (2 moments) by the mixed ANOVA of repeat-
ed measures. The sample calculation was performed using
the G*Power software, version 3.1.9.2 (Franz Faul, Universitat
Kiel, Germany), considering a type | () margin of error of 5%,
a study power of 80% and a small effect size (0.10).

The total number of students enrolled in the two schools
participating in this study was 262 students, being 169 (64.5%)
from School 1 and 93 (35.5%) from School 2. There was a
sample loss of 59 (22.52%) students, 35 (13.36%) for reasons
of transfer, 22 (8.4%) for lack of parental consent, 1 (0.38%)
for refusal to participate in the study and 1 (0.38%) %) due to
absence due to sick leave (0.38%). Students who were absent
during the week in which the collection was conducted were
not recalled. Thus, the sample consisted of 203 students, who
participated both before and after the educational activity
with the tutor-robot. Considering that the sample calculation
presented a minimum of 246 participants, it was possible to
reach 77.5% of this estimate.

Initially, the tutor robot was built for the playful education-
al activity regarding hand hygiene. It is a tutor robot with an

automated system, structured in the Arduino programming
language using the Arduino IDE (Integrated Development
Environment) software. The tutor robot was programmed
to guide, by voice command and dashboard instructions,
the reproduction of the hand hygiene technique through 6
steps, according to the recommendations of the World Health
Organization®. The tutor robot provided guidance on the
simple hand hygiene technique, through text instruction
onits dashboard and voice command. It also controlled the
timing for each of the steps in the hand hygiene process.
The three conditions allowed the student to read and listen
to the text messages while simultaneously paying attention
to the predetermined timing for the following steps: wetting
their hands, applying the alcohol solution to their palms,
rubbing their hands with the alcohol solution, rinsing, and
drying their hands with paper towels.

Next, a dark chamber was built, with black light inside,
enabling the visualization of fluorescent images captured
through photographic devices. The images were obtained
with a Motorola® cell phone, model Moto Z Play,16 MB cam-
era, placed in the transparent opening on the upper side
of the box.

In the first moment of the study, photographic records
were taken in the prone and supine positions of the right
and left hands inside the dark chamber, under black light
(Record 1). This procedure was made to verify possible
fluorescence residues resulting from casual contact with
chemical substances.

Then, an average of 2.5 mL of alcoholic solution, marked
with 25% fluorescein, was applied to one of the sides of the
hand and the student was asked to spread the alcoholic
solution according to the knowledge and habits he/she had
on hand hygiene. After applying the alcoholic solution and
drying the hands, the same procedure for obtaining images
was repeated (Record 2). Then, the participant was asked to
go to the bathroom, wash their hands with soap and water
and return to the classroom.

The second stage of data collection, with the tutor robot
was conducted after 30 days, with the same students that
participated in the first stage. The student placed his/her
right and left hands inside the dark chamber, alternating
prone and supine positions, and photographic records were
taken to verify the presence of residual fluorescence from
the last activity or other fluorescent contaminants (Record 3).
Then, the student was directed to the tutor robot, which was
positioned next to the dark chamber, and the instructions
for interacting with the automated system were verbally
provided so that he could proceed with hand hygiene ac-
cording to WHO criteria.
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Right after the educational intervention regarding the
hand hygiene process using the tutor robot, an average of
2.5 mL of alcoholic solution marked with 25% fluorescein
was applied to one of the faces of the student’s hands and
they were asked to spread the alcoholic solution according
to the guidelines acquired regarding this hand hygiene
process by the tutor robot.

After applying the alcoholic solution and drying the hands,
they were positioned in the dark chamber for photographic
recording in the prone and supine positions (Record 4).

The images obtained during stages 1 (Records 1 and 2)
and 2 (Records 3 and 4) were initially processed in Adobe
Photoshop CS6 Extended software, allowing to set the analy-
sisarea. The area was delimited in the wrist, thus maintaining
only the image of both hands and fingers.

Afterwards, a second analysis started to evaluate the
distribution of fluorescein in the images of the students’
hands. It was used the OLYMPUS CellSens Dimension 1.16
Version 510_UMA_cellSens116-Quesnel_en_00 software.

To analyze the distribution of fluorescein, it was necessary,
initially, to verify the number of pixels in the field of view
of the photographs, a term known as FOV (Field of View).
To calibrate the area of analysis, a photographic image of a
caliper was recorded, obtained with the same standards used
for acquiring hand images of in Records 1 to 4. This includ-
ed using the same device, maintaining the same distance
for taking the photo, and ensuring approximately similar
lighting conditions.

Then, for each image, the participants'hand area was
determined, using to the following formula:

Hand area (pixels) = FOV (15,925,237 pixels) — extra area — hand (pixels)

The calculation of the distribution of the fluorescein preparation in the students’ hands, before and after the activity with
the tutor robot, is described below, taking the right hand in the prone position as an example:

FPRBR = (

Record 2 (Pixels) — Record 1 (Pixels) 00
Total area of right hand (Pixels)

FPDAR = (

Record 4 (Pixels) — Record 3 (Pixels) 00
Total area of right hand (Pixels)

FPR,.= Fluorescence of the right hand in the prone position before the activity with the tutor robot.

FPR,; = Fluorescence of the right hand in the prone position after the activity with the tutor robot.

The calculation of the effectiveness of students’ hand
hygiene after the activity with the tutor robot is described
below, taking the right hand in the prone position (HPR) as
an example:

HPR = FPR (%) — FPRgr(%)

The independent variables evaluated were area (urban
and rural), grade (3", 4" and 5% year), gender (male and
female), hand position (prone and supine) and hand lat-
erality (right and left). Studying the laterality and hands
position is important, as the results may indicate the need
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to conduct educational actions aimed at taking greater care
with these variables.

Qualitative variables were described by relative and ab-
solute frequency distribution. Quantitative variables were
described by mean and standard deviation (SD). The hypoth-
esis of normal distribution was verified by the Kolmogorov-
Smirnov test with Lillifors correction, and the hypothesis of
sphericity verified by the Mauchly test, both were confirmed.
The mixed ANOVA test of repeated measures was applied to
test the effect of time, group and interaction (group versus
time). Pairwise comparisons were performed using Sidak Post-
Hoc test. For all analyses, the SPSS software version 19.0 for
Windows was used, with a significance level of 5% adopted.
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B RESULTS

The students'age was 9.6 + 1.1 years (mean + standard
deviation), with a minimum age of 8 and a maximum of
15 years.

It was possible to observe that there was a homogeneous
distribution of participants regarding residing in urban and
rural areas, the grades in which they are enrolled and also
regarding gender. However, there was a predominance of
students enrolled in one of the schools participating in this
study. In addition, most of the sample referred to the right
hand as being the dominant one (Table 1).

Regarding the use of the tutor robot, it was observed that
in all the conditions presented there was an improvementin
the hand hygiene process (Table 2). Thus, all results obtained
in the “after the robot” (AR) conditions were statistically sig-
nificant (p<0.05), when compared to the "before the robot”
(BR) situations.

With the data shown in Table 2, it was also possible to
verify the effect of laterality on hand hygiene. Thus, the re-
sults found with the control of the variables related to hand
position (prone and supine) and the conditions“with robot”

and “without robot” show that the students cleaned their
right and left hands with the same effectiveness. Taking as
an example the distribution of fluorescein in the right prone
position, it is observed that, before the robot, this substance
reached 55.2% and 60% in the left prone position; there were,
however, no significant differences between these results.
Similarly, the other comparisons involving laterality did not
show significant differences, that is, the students cleaned
both their right and left hands with the same effectiveness.

Table 3 shows the results of hand hygiene with fluorescein
solution, according to the grade of Elementary School |'in
which the student is. The results indicate that, in most of the
situations, there was an improvement in hygiene after the
support of the tutor robot (p<0.05). The only exception was
observed among 5" grade students, during hand hygiene
procedure on the right hand in the supine position.

The 4™ grade students performed better than the other
grades in the prone position of the left hand and in the su-
pine position, both right and left, always after completion of
the playful activity with the tutor robot (p<0.05). In all other
situations, grade did not represent a determining factor for
students’ performance in hand hygiene.

Table 1 - Characterization of the study sample regarding school, area of origin, grade, gender and dominant hand (n=203).

Alvares Machado, S&o Paulo, Brazil, 2019

Variables \ % “p" value
1 129 63.5
School <0.001*
2 74 36.5
Urban 101 49.8
Area 0.944
Rural 102 50.2
3d 73 36.0
Grade 4th 67 33.0 0.688
5th 63 31.0
Male 103 50.7
Gender 0.833
Female 100 493
Right-handed 185 91.1
Dominance <0.001*
Left-handed 18 8.9

Source: Prepared by the authors.
*Significant difference of proportion distribution by Chi-square test for p-value < 0.05.
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Table 2 - Comparison of the mean and standard deviation of the percentage distribution of the fluorescein-marked alcohol
solution in the right and left hands, in the prone and supine positions, before and after the activity with the tutor robot.
Alvares Machado, S&o Paulo, Brazil, 2019

Factor Mean Standard Deviation p-value
Prone Right/Before Robot 55.2¢ 27.2
Prone Right/After Robot 764 18.1
Prone Left/Before Robot 60.0° 25.7
Prone Left/After Robot 82.0 13.1
Supine Right/Before Robot 87.5° 129 <0.001*
Supine Right/After Robot 93.4¢ 9.1
Supine Left/Before Robot 87.7° 12.5
Supine Left/After Robot 93.9¢ 6.9

Source: Prepared by the authors.

*Indicates significant difference by ANOVA test of repeated measures

Pairwise comparisons were performed using the Holm-Sidak Post-Hoc test

Equal letters indicate absence of significant difference by the Holm-Sidak Post-Hoc test

Different letters, or absence of letters, indicate a significant difference by the Holm-Sidak Post-Hoc test

Table 3 - Comparison of the mean and standard deviation of the percentage distribution of the alcohol solution with flu-
orescein in the hands of students in the 3 (n=73), 41" (n=67), and 5" (n=63) grades of Elementary School |, in prone right,
prone left, supine right and supine left. Alvares Machado, Sao Paulo, Brazil,2019

Without robot With robot Anova (p-value)
Grade/Position
Mean (SD) Mean (SD) Robot Interaction

3 Grade Prone Right 524 (27.6) 755 (18.7)"

4 Grade Prone Right 55.0(27.7) 81.1 (16.1)t 0.391 <0.001* 0.036%**
5% Grade Prone Right 59.0 (26.3) 722 (186)"

3 Grade Prone Left 60.5 (25.2) 80.2 (14.4)t

4™ Grade Prone Left 559 (26.9) 85.2 (12.4)™ 0.712 <0.001* 0.023%%*
5% Grade Prone Left 64.0 (24.8) 80.7 (11.9)

3 Grade Supine Right 899 (8.1) 93.6 (8.1)°

4" Grade Supine Right 85.3(18.7) 96.0 (5.3)t 0.111 <0.001* 0.003%***
5 Grade Supine Right 87.1 (9.0 90.3 (12.0)®

39 Grade Supine Left 89.6(7.2) 92.7 (7.7)t

4 Grade Supine Left 874 (16.1) 96.3(4.9)™ 0.169 <0.001* 0.031%%*
5th Grade Supine Left 86.0(13.1) 927 (7.3)f

Source: Prepared by the authors.

***Indicates significant interaction between the conditions with and without the robot and the grade by the Anova test of repeated measures for p-value <0.05
**Indicates significant difference between the grades regardless of the conditions with and without the robot by the Anova test of repeated measures for p-value <0.05
*Indicates significant difference between the conditions with and without the robot regardless of the grade by the Anova test of repeated measures for p-value <0.05
fIndicates significant difference in relation to the condition without robot by the Holm-Sidak Post-Hoc test for p-value <0.05

Different letters indicate a significant difference between series within each condition by the Holm-Sidak Post-hoc test for p-value <0.05

Rev Gatcha Enferm. 2023;44:€20220344
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Overall, it is observed that both in urban and rural areas,
students improved the hand hygiene process after partici-
pating in the playful activity with the tutor robot (Table 4).
These results can be observed in the comparisons made
in the respective students’areas of origin (urban or rural)
with the same hand position conditions (prone or supine)
and also laterality (right and left). Therefore, it is observed
that, in the urban area, the distribution of fluorescein in the
students’hands, in the prone position and on the right side,
which before the activity was 61.1%, reached 76.8% with
the intervention (p<0 .05). Under these same conditions,
in the rural area, there was an even greater increase in fluo-
rescence, which initially was 49.5% and then reached 75.9%
(p<0.05). These effects were reproduced in conditions like
those presented, both in urban and rural areas.

Table 4 also indicates the effectiveness of hand hygiene
according to position (prone and supine). The results show
that, regardless of the students'area of origin, both before
and after the activity with the tutor robot, there was a better
performance in the hygiene of the right and left hands in
the supine position.

Direct comparison of the performance of students from
urban and rural areas showed some significant differences. In
the conditions PR/BR (61.1% vs. 49.5%), PL/AR (84% vs. 80.1%),
SR/AR (94.9% vs. 91.9%) and SL/AR (96 .1% vs. 91.7%) it was
possible to observe that students from the urban area had
a more satisfactory performance on hand hygiene.

When verifying the results obtained regarding perfor-
mance of male and female students in the hand hygiene
process, it was possible to observe that in males, the playful
activity with the tutor robot improved the performance
of students in this process (Table 5) . In females, this was
also observed, however, only in the prone position of both
hands. Plus, it was also observed that both male and female
students performed better in hand hygiene in the supine
position, either right or left, either before or after the activity
with the tutor robot.

In the direct comparison of the effect of the student’s
genderon hand hygiene performance, it was observed that
the male population achieved more satisfactory results in the
PR/AR and SL/AR conditions, while the female population
presented better performance in PR/BR and PL/BR.

Table 4 — Comparison of the mean and standard deviation of the percentage distribution of fluorescein-marked alcohol
solution on the hands of students from urban areas (n=101) and rural areas (n=102).Alvares Machado, Sdo Paulo, Brazil,2019

MeanSD

MeanSD

Anova (p-value)

Factor Interaction

Prone Right/Before Robot 61.1(26.1)2
Prone Right/After Robot 76.8(19.1)
Prone Left/Before Robot 63.5(27.0)2
Prone Left/After Robot 84.0(12.8)°
Supine Right/Before Robot 88.6(16.1)°
Supine Right/After Robot 94.9(10.6)
Supine Left/Before Robot 89.3(15.9)°
Supine Left/After Robot 96.1(6.7)°

495 (27.3)
759(17.2)
56.7(24.1)
80.1(13.2) 0.001* 0.001* 0.001"
86.4(8.6)°
91.9(7.0)f
86.1(7.7)°

91.7(64)

Source: Prepared by the authors.

*Indicates significant difference between zones by Anova test of repeated measures

‘Indicates significant difference between the factors by the Anova test of repeated measures
*Indicates significant interaction between zone and factor by the Anova test of repeated measures
Pairwise comparisons were performed using the Holm-Sidak Post-Hoc test

Equal letters indicate absence of significant difference by the Holm-Sidak Post-Hoc test

Different letters, or absence of letters, indicate a significant difference by the Holm-Sidak Post-Hoc test
Indicates significant difference regarding urban area by the Holm-Sidak Post-Hoc test
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Table 5 — Comparison of the mean and standard deviation of the percentage distribution of fluorescein-marked alcohol
solution in the hands of male (n=103) and female (n=100) students. (Mean + standard deviation). Alvares Machado, Sdo

Paulo, Brazil,2019

Factor
Mean SD

Female

Anova (p-value)

Mean SD Gender Factor Interaction

Prone Right/Before Robot 49.3(28.3)? 61.3(24.8)*"

Prone Right/After Robot 79.8(15.4)° 72.7(20.0)e*

Left Prone/Before Robot 52.5(28.7) 67.8(19.5)20"

Left Prone/After Robot 82.7(13.5)° 81.3(12.8) 0.06 <0.001* <0.001°
Supine Right/Before Robot 85.9(13.8)° 89.1(11.7)¢

Supine Right/After Robot 94.5(6.3) 92.2(11.1)¢

Supine Left/Before Robot 86.6(13.6)° 88.9(11.3)¢

Supine Left/After Robot 94.9(6.1)° 92.9(7.6)

Source: Prepared by the authors.

fIndicates significant difference between the factors by the Anova test of repeated measures
*Indicates significant interaction between gender and factor by the Anova test for repeated measures
Pairwise comparisons were performed using the Holm-Sidak Post-Hoc test

Equal letters indicate absence of significant difference by the Holm-Sidak Post-Hoc test

Different letters, or absence of letters, indicate a significant difference by the Holm-Sidak Post-Hoc test
*Indicates significant difference regarding gender 1 by the Holm-Sidak Post-Hoc test

H DISCUSSION

Considering that in all groups hand hygiene, in the con-
dition before the activity with the tutor robot, presented less
satisfactory results of hand hygiene, it is possible to infer
that the students’previous technical knowledge about the
correct way of hand hygiene, or their habits, would not allow
satisfactory hand hygiene that could minimize the risks of
diseases transmitted by hands.

It is worth noting that hand hygiene is an important
resource to prevent the transmission of various viruses and
bacteria that cause colds, flu, pneumonia and other respi-
ratory and intestinal diseases!:%2,

In a study conducted with children aged 7 to 12 years
old, enrolled in a school in Turkey, evaluated the effective-
ness of two proposed educational activities regarding the
hand hygiene process. The first educational proposal was
to show the students the locations marked with fluores-
cence and make a comparison with the presence of mi-
croorganisms, explaining the need to remove them during
hand washing. The second intervention, conducted with
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another group of students, repeated this procedure, and
also provided instructions, using images on the importance
of hand washing and addressed the technique according to
the steps recommended by the WHO. In the control group,
the children did not visualize the distribution of fluorescein
and washed hands according to their own knowledge and
habits. The effectiveness of hand hygiene in this study was
verified by independent evaluators with images and then
assigned scores. The study indicated that only the group that
participated in the activity that addressed the hand washing
technique according to the WHO presented significant results
in the hygiene of all parts of the hand®.

Although there are several methodological differences
between the work conducted with children in Turkey and
the present study, the educational activity focusing on the
technical aspects of hand hygiene proved to be effective
in both situations.

A cross-sectional study, with the application of ques-
tionnaires to a sample of over 200,000 adolescents aged
between 12 and 15 years, from countries with different
socioeconomic conditions, indicated that the habit of hand
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hygiene in essential situations, such as before meals and after
using the toilet is still precarious. The results indicate that
in low-income countries, these habits are less practiced by
these adolescents. The authors did not specifically verify the
hand hygiene technique, as in the present study, however,
they did identify that the frequency of using soap during
this procedure is rare®.

An important aspect observed in the present study is
that the hands in the supine positions, both right and left,
when compared with the prone positions of both hands,
in the conditions with robot and without robot, showed
better distribution of fluorescein (p<0.05). As an example,
it is observed in Table 2 that the PR/BR condition, that is,
the right hand in the prone position before the activity
with the tutor robot, presented a fluorescein distribution of
55.2%, whereas in SR/BR, supine position of the right hand,
also before the robot, fluorescence reached 87.5% of the
hand surface. Results in this same logic were obtained in
AR conditions, after the playful activity with the robot and
in both hands. Thus, the effectiveness of hand hygiene was
greater in the supine position and, even with the playful
activity, this region of the hand was still better affected by
the fluorescent solution.

The results found in this study were obtained with
Elementary School students, but they are in line with those
observed in a study conducted with professionals from
two courses in the health area, whose hand hygiene, also
evaluated through the distribution of a fluorescent sub-
stance, showed that the palm of the hands (supine position)
was technically better cleaned in 96.5% of the situations,
while the back (prone) was properly cleaned in only 72.7%
of the analyzed situations. In this study, the evaluation of
fluorescence in different positions and parts of the hands
was performed using a“Likert”scale, thus differing from the
present analysis, which verified the distribution of fluorescein
in equipment that counts the number of pixels in the image.
However, regardless of the evaluation method, the results
highlight the need for educational investments to improve
hand hygiene in the prone position, as the trend seems to
be better hygiene in the area where soap or other antiseptic
product is applied®@'?2,

In a study conducted with medical students in Spain, us-
ing a fluorescent marker, it was observed that the right hand
was better cleaned with a hydroalcoholic solution than the
left, except for the thumb region. According to the authors,
considering that the majority of the human population is
right-handed, it was expected that hygiene would be less
adequately observed in the dominant hand®". On the other
hand, opposite results were found in work conducted with
medical students from Eastern European countries, which

showed better hygiene of the non-dominant hand, which
can be explained by the fact that the dominant hand rubs
the opposite side better, i.e, the non-dominant hand®?.

The methodological differences between these different
studies may explain the discrepancies in the results found,
especially considering the different ways of evaluating the
effectiveness of hand hygiene, with quantitative and qual-
itative tools. Another possible inference to establish is that,
although laterality is an important aspect for motor actions
thatinvolve the need for finer control, the act of hand hygiene
does not have this characteristic and, therefore, regardless
of being right-handed or left-handed, there are no major
difficulties in cleaning the contralateral hand. On the other
hand, activities such as writing, handling cutlery, require
better control and the use of the dominant hand is important
in these circumstances.

In the present study, the variable‘grade”did not represent
an essential aspect for improving performance in the hand
hygiene process, although 4™ grade students were more
successful than the others in the prone position of the left
hand, and in supine position both right and left, after the
playful activity with the robot. The school year in which the
students were was not an essential factor to improve the
hand hygiene process in a study conducted in Turkey, with
no significant differences in the performance of participants
enrolled in the 29, 3@ and 4™ grades®.

Although the Turkish study and this one used fluores-
cent markers to investigate the effectiveness of students’
hand hygiene, the method of analyzing the distribution of
fluorescein was different. In the study conducted in Turkey,
theimages were visually analyzed by observers who did not
directly participate in the research, whereas in the present
study, the software analyzed the images and verified the
number of pixels.

Geographical origin is a factor that can influence the
habits and lifestyle of a population. In the rural context, it is
evident that access barriers are imposed by the lack of human
resources in preventive work and structural transport resourc-
es, financial shortages and technologies that bring teams
closerto rural territories. Thus, residents of rural areas deserve
greater attention from public entities, with the purpose of
developing policies that ensure better accessibility for this
population, especially to health and education services?”,

Considering these premises, one of the associations
investigated in the present study refers to the influence of
students'living environment, in urban or rural areas, on their
performance regarding hand hygiene process. The results
found show the need to conduct health care education
actions that are more directed towards students from rural
areas. In this regard, schools play a crucial role, given their
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potential to provide access not only to students but also to
theirfamilies, thus contributing to reducing the vulnerability
of this population.

In the field of dentistry, the literature documents the
existence of more precarious oral health conditions in the
rural population, with a higher prevalence of dental caries
compared to inhabitants of urban areas. Among the factors
related to this greater precariousness, not only unfavorable
indicators of income, infrastructure and basic sanitation stand
out, but also limited access to healthcare and education
services, resulting in less consistent levels of information
compared to urban areas®?),

As previously presented, in some situations, in the pres-
ent study, the male population obtained more satisfactory
results than the female population, but the opposite situation
also occurred.

An epidemiological study conducted using a question-
naire that assessed the habits of adults regarding the hand
hygiene process, showed that the variable “female gender”
represents a positive aspect in terms of knowledge and
habits about this process. It was found that females are more
likely to use paper towels to turn off the faucets after hand
hygiene. However, even in this population, there was a need
for educational efforts, particularly in the hand drying step,
which is considered important for reducing microorganisms
during hand hygiene®”.

The present study showed that, through a playful activ-
ity, it is possible to conduct health actions to enhance the
mastery of the hand hygiene technique, according to WHO
recommendations™. Knowledge of the technique is the
first step for the simple act of hand hygiene to represent an
important tool for disease prevention. However, another
important aspect, which was not the scope of this study,
is the systematization of the hand hygiene process, which,
although it was mentioned during the dynamics with the
students, did not represent an object of measurement in
this research. Activities of a playful nature, such as the one
in this study, can help in conducting scientific and exten-
sion studies in the area of nursing. In this regard, nurses can
develop work focused on Health Education that can benefit
students, healthcare professionals, workers who handle food,
and the communities within the areas of healthcare units.

The limitations of the present study include the non-ran-
domization of the sample, the failure to reach the minimum
sample size and the fact that the study being conducted in
only one municipality. Therefore, it is important to conduct
further studies with a randomized clinical trial design, allowing
better control of the variables.
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Il CONCLUSION

The playful activity with the tutor robot was effective in
improving the students’ performance in the hand hygiene
process, since, in all situations studied, the results were better
after using this resource.

Both male and female students showed better results
during the act of hand hygiene after participating in the
activity with the tutor robot.

Students from urban and rural areas achieved better
results in the hand hygiene process after using the tutor
robot. The grade level of the student did not represent
a determining factor for their performance in the hand
hygiene process and gender was not considered an im-
portant variable to determine better performance in the
act of hand hygiene.

The laterality of the hands did not represent an important
aspect in the effectiveness of hygiene, that is, the dominant
hand was as effective as the non-dominant hand in the hand
hygiene process. Hand hygiene in the supine position was
more effective than in the prone position, that is, the palm
of the hands, which represents the location where soap is
applied, was better cleansed.
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