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ABSTRACT

Health programmes are developed to prevent disease or
manage the treatment process. They should be universal
enough to target the largest possible group while taking
into account the individual predispositions of the
recipients. Important factors influencing the scope and
design of health programs are also the financial capacity
and availability of personnel to implement them. Thus, in
addition to the experience of planners, the use of
advanced decision support tools is necessary. Hybrid
simulation modelling, which refers to the combination of
two or more simulation approaches, is widely used to
help manage various aspects of health care, including
health programmes. The article is a part of a larger study
in the area of using simulation modelling to support the
planning of dental caries prevention programmes in
primary schools in Poland. The paper focusses on one
component, which are educational talks. Our goal is to
provide a framework for developing simulation models
to determine the potential impact of educational talks on
children's oral health attitudes towards oral hygiene. The
results of the experiments showed that oral health
education may results in positive attitudes at the end of
primary education in children.

INTRODUCTION

The dental caries prevention programme for school
students is a set of preventive services that allow the
achievement of planned health effects with given
resources. Dental caries is a disease that can be prevented
by taking specific steps, such as fluoridation of teeth,
sealing of the first molars, screening or education
(Ahouo-Saloranta et al. 2013, 2017, Lee 2013, Rong et
al. 2003, Sosa Torices et al. 2021). In the prevention of
dental caries, proper hygiene and diet are important and
can be a stimulated by a well-directed education. Despite
the available knowledge, dental caries is one of the most
prevalent noncommunicable diseases in the world. It
affects about 514 million children and is the most
common chronic childhood disease (WHO 2022).
Therefore, special attention should be paid to
supporting the management of dental caries prevention
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programmes. During the planning phase, both the
perspective of the beneficiaries (students) and the
perspective of the providers should be taken into account.
The prevention programme should respond to the real
needs of students who are individuals with a specific state
of oral health, exhibit different health behaviours and are
more or less susceptible to developing the disease. As
dental caries is a multidimensional disease (Baker et al.
2018), planning prevention programmes requires the use
of advanced methods to support decision making.
Operational research methods are successfully used to
support management and decision-making in healthcare
(Rais and Vianaa 2011). The use of simulation methods
in health care makes it possible to understand a given
system by taking into account various aspects that
describe it (Eldabi and Taylor 1999).

Health-related behaviours can change over the course
of life; they are shaped at home, but also at school. The
period of adolescence is considered critical in their
formation and the most important are the early years of a
child's life (Dzielska et al. 2012). The greater awareness
and healthier behaviours, such as proper oral hygiene
care and low sugar consumption, the lower the risk of
developing dental caries. Shaping health attitudes can be
achieved by conducting educational talks in schools that
are directed at a large group of children. However, it is
crucial to ensure that these programmes are effective.
Successful implementation depends on many different
factors such as, the individual characteristics of students,
their toothbrushing habits, diet, the participation of
parents and guardians, and many others.

The objective of the paper is to provide a framework
for developing simulation models to determine the
potential impact of educational talks on children's oral
health attitudes towards oral hygiene. The model was
built for one of the sample primary schools located in
Poland. The presented work is a continuation of research
on the use of simulation methods to support the
management of various aspects of dental caries
prevention programmes.

SIMULATION MODELLING IN PREVENTIVE
HEALTHCARE MANAGEMENT

For each disease prevention program, it is necessary to
develop the goal of the program, determine ways to
achieve the goal, define the target group of the program,



designate people responsible for the implementation of
individual tasks, specify costs and ways to verify the
results achieved. Undoubtedly, the experience of
decision-makers is important when managing prevention
programs. However, in the case of a complex problem,
both financial constraints and human experience alone
may not be enough. Therefore, various decision support
methods, including simulation, are used. Simulation is
most often categorized according to four approaches:
discrete event simulation (DES), agent-based simulation
(ABS), system dynamics (SD), or Monte Carlo (MC)
(Brailsford et al. 2009).

Najafzadeh et al. (2009) used DES to compare the
incremental costs and health benefits of herpes zoster
vaccine versus no herpes zoster vaccine in Canada.
Vaccination of individuals, especially those aged 60-75
years, appears to be a cost-effective medical intervention.

Ho et al. (2022) highlighted the problem of low
influenza vaccination rates among Americans, which
manifests in financial consequences and lost
productivity. The authors developed an ABS model to
define the optimal range of vaccine payment policies and
their impact on the percentage of the population hooked
and infected, and total medical costs.

Lich et al. (2014) built a population-based SD model to
assess the impact of different preventive intervention
scenarios on quality-adjusted life years (QALYs) in a
population of US veterans. The authors estimated
avoided strokes, avoided fatal strokes and the number of
people to be treated over a 20-year time horizon. They
developed 15 different scenarios for the three prevention
categories. The study provides a basis for understanding
the impact of implementing the alternative stroke
prevention and treatment strategies considered.

The MC method is often combined with the Markov
technique, and is used in numerous cost analyses as a
method for conducting sensitivity analysis. Greving et al.
(2011) conducted a cost analysis of the use of statins in
the prevention of vascular disease. The authors tested
different scenarios for no preventive intervention and
intervention with low dose statin treatment daily over a
10-year period. In daily practice, treatment with statins
seemed not to be cost-effective for prevention in
populations at low risk of vascular disease.

Simulation methods have been successful in supporting
various aspects of managing prevention programs for
various diseases. Discrete methods such as DES and ABS
can be used to track processes that require consideration
of individual patient characteristics. The SD method
works well for a broader view, such as when planning
health policy programs. The MC method, on the other
hand, finds use as a method for conducting sensitivity
analysis in evaluating the cost-effectiveness of various
preventive interventions. Simulation methods are also
mixed in hybrid combinations. Two or more simulation
methods can be combined, or they can be combined with
analytical techniques (Powell and Mustafee 2014). A
hybrid model makes it possible to take into account the
advantages of more than one method, while minimizing

the disadvantages that may occur when using only one
approach (Zulkepli and Eldabi 2015).

This paper presents a hybrid model combining DES
and ABS approaches for modeling educational talks as
part of a dental caries prevention program dedicated to
primary school in Poland. With the DES method, it is
possible to observe how the indicators related to health
attitudes in students are shaped during his/her primary
school education. With the ABS method, on the other
hand, these observations can be expanded to track
individual interactions that may occur between students.

MODELLING ORAL HEALT EDUACATION
Problem Definition

The planning of dental caries prevention programs is a
complex process. The needs of society vary and depend
on many factors such as socioeconomic, cultural or
individual characteristics and behaviors. The ability to
provide care is limited both financially and in terms of
human resources. Modeling health education as a
component of preventive programs requires taking many
factors into account. During our previous studies, the
focus was on student attitudes and the fact that students
can influence each other. The impact of education on
caries prevention in students has also been considered.
However, this part of the model should be elaborated
more extensively. An identified gap is the lack of a
methodology to observe students' attitudes, which can
change over time, depending on educational talks,
speaker involvement and other factors that shape
students’ health attitudes. Particularly important are such
factors as parental involvement in helping with tooth
brushing, frequency of tooth brushing in students, and
dietary habits including frequency of consumption of
fruits and vegetables, and sweets and candy bars.

This article is a planned continuation of research on the
larger problem of how to approach the planning of dental
caries prevention programs for primary school students.
Earlier stages of our research are presented in Figure 1.
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Figure 1: Our research on the problem of decision support in
the area of dental caries prevention program planning using
simulation modeling.

Crucial assumptions were first discussed in (Hajtasz and
Mielczarek 2022). Subsequently, we developed a DES
model to test different scenarios for the preventive care
of dental caries (Hajtasz and Mielczarek 2022a). In the



next stage, we proposed a DES—ABS hybrid model
(Hajtasz and Mielczarek 2022b) in which the role of
health awareness was emphasized. It was shown that the
hybrid approach allows to comprehensively support the
process of planning prevention programs (Hajtasz and
Mielczarek 2023).

Methods

The study uses a hybrid approach combining DES and
ABS. The duration of the simulation corresponds to one
full cycle of primary schooling, which starts from grade
zero equivalent to kindergarten through eight consecutive
grades. Observations were made on dynamic objects,
which are students in a class of 25. The same students
were observed from the beginning to the end of their
education. During the course of education, the students
are provided with educational talks. It was assumed that
talks are conducted by a nurse. The DES method was
used to observe the effect of educational talks and the
passage of time on indicators related to students' oral
hygiene. ABS, on the other hand, was used to observe the
relationships that occur among students. Both the
indicators and the relationships that occur between
students affect the formation of health attitudes in
students which are represented by Individual Attitude
(IA) parameter. IA refers to a student's positive or
negative attitude toward hygiene and dietary habits.

We conducted 10 replications. The number of
replications was determined after analyzing the
confidence intervals for the observed variables. As a
baseline measure, we observed the average number of
students with IA positive and negative during and after
primary education.

Model

Arena® by Rockwell Automation software was used to
build the hybrid model. A diagram of the model is shown
in Figure 2. Modelling the impact of health education on
students' attitudes requires consideration of many
aspects. These aspects are shown in Table 1, while the
way IA is formed in students is described in Figure 3.
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Figure 2: Overview of the educational part of the hybrid
simulation model.

Students start school with baseline values for the
following indicators: Dietary Habits (DH), Parents'
Involvement (PI), and Tooth Brushing (TB). The PI
indicator is assigned once at the beginning of the
simulation and its value does not change. The initial IA
can be positive or negative and depends on the sum of the
TB, DH and PI indicators. The last value that students are
assigned at the beginning of the simulation is the
Absence Ratio (AR) and represents the probability that a
given student will miss a given educational talk. Before
each talk, the AR indicator is verified, and if a student
misses a talk, the values of any indicators do not change.

Depending on the age of the student and what IA he or
she has at a given time, each educational talk is followed

Table 1: Indicators included in this research, along with the values taken and their interpretation.

Parameter Value Interpretation
Absence Ratio Indicator that reports the percentage chance of absenteeism of students during educational talks.
0.05-0.2 | Itis randomly generated at the beginning of the simulation. The higher the value, the more likely
(AR) X ; .
the student is to miss a larger number of educational talks.
Dietary Habits Indicator informs about dietary habits. The initial value is based on actual data and then updated
0-1 as educational talks are received. The higher the value, the better the dietary habits in the
(DH) students.
Individual IA can take two values, -1 or 1, where -1 corresponds to a negative (N) attitude and 1
Attitude -1;1 corresponds to a positive (P) attitude. IA is influenced by other learners through individual
(IA) interactions, DH, PI and TB.
Negative Force The higher the value of the indicator, the greater the persuasive power of the student with 1A
of Influence 0-1 negative convinces students from the closest environment who have a positive attitude to change
(FI-N) it to negative.
Parents’ An indicator informing about the involvement of parents in taking care of oral health in their
Involvment 0-1 children. The value based on real-world data describing parents' help in brushing their children's
teeth, and is then updated as educational talks are received. The higher the value of the indicator,
(PD) th .
e greater the involvement of the parents.
Positive Force The higher the value of the indicator, the greater the persuasive power of the student with IA
of Influence 0-1 positive convinces students from the closest environment who have a negative attitude to change
(FI-P) it to a positive one.
Tooth The initial value is based on actual data that describe the frequency of brushing teeth; the
Brushing 0-1 indicator is updated as educational talks are received. The higher the value, the better
(TB) toothbrushing habits in the student.




by an update of the DH and TB indicators, which, along
with the PI indicator, can influence the TA attitude update
(see Figure 3). IA updating is also influenced by students
in the closest environment through individual
interactions. Each student can change his or her closest
environment every year, which can range from zero to
eight other students. To simulate the interactions
occurring between students, a cellular automata was
used. This part of the model is described in detail in
(Hajtasz and Mielczarek 2022a) and (Hajtasz and
Mielczarek 2023).
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Figure 3: Interrelationship of indicators influencing students'
IA.

Educational talks are conducted by a nurse, who does
it with low, high or diversified involvement. The
involvement of nurses is generally understood as the way
in which they deliver knowledge to students, whether the
nurse is motivated, whether she tailors the talk to a
particular group of children, and whether she conducts
the talk in a way that is interesting to students. Depending
on the nurse's involvement, students are assigned values
for the Positive Force of Influence (FI-P) and Negative
Force of Influence (FI-N) indicators after each talk. The
values for the IFs indicators indicate how forcefully a
student will persuade other students with an antagonistic
attitude to change it.

Data and Inputs Parameters

Students are six years old when they begin school and are
one year older in each subsequent grade. Educational
talks are held four times a year for children in
kindergarten or twice a year for children in grades one
through eight. The number of talks were assumed on the
basis of recommendations (Olczak-Kowalczyk et al.
2021).

Before each educational talk, students' attendance is
verified based on the AR indicator. The AR indicator
value is generated from a triangular distribution ranging
from 0.05 to 0.2 with the most likely value being 0.1.

The initial DH, PI and TB values are generated from
uniform distributions assumed based on real data
(Olczak-Kowalczyk, et al. 2021). The initial DH is based
on two indicators (considered only at the beginning of the
simulation) of Candy and Candy Bar (CCB) and Fruit

and Vegetable (FV) consumption. PI was assumed based
on the frequency of adult assistance in brushing children's
teeth. TB was assumed based on the frequency of
children brushing their teeth. The parameters of the
distributions were defined after consultation with
specialists. In the Table 2, the actual data are shown along
with the assumed parameters of the distributions for PI,
TB, FV and CCB. Whereas in the Table 3. it is shown
how, depending on the sum of FV and CCB, the value for
DH is generated.

Initial TA can be positive (P) or negative (N) and is
assigned to students based on DH, PI and TB. Initially,
each of these three indicators has an equal share in
shaping TA. If initially the sum of DH, PI and TB is less
than 1.8, then IA is N. On the other hand, if the sum is
between 1.8 and 3, IA is P.

Table 2: Results of surveys conducted among parents of five-
year-old children. Depending on the type of data, these were for
the whole of Poland (FV, CCB), cities in Poland (PI) and Lower
Silesia (TB); and the parameters of the uniform distribution
assumed in the model (Olczak-Kowalczyk et al. 2021).

Factors influencing | Frequency | Uniform
IA in students [%] distribution range
| Parents’ Involvement (PI) in helping with tooth brushing
Often 58.45 0.5-1
Very rarely 28.79 0-0.3
Never 12.76 0
| Tooth Brushing (TB)
Twice a day and more | 87.06 0.5-1
Once a day and less 12.94 0
| Consumption of Fruits and Vegetables (FV)
Every day and more 76.63 0.5-1
Several times weekly 2338 0
and less
| Consumption of Candy, Candy Bars (CCB)
Once a week and less 56.71 05-1
often
Several times weekly 43.29 0
and more

After each educational talk, indicators of DH, TB and IFs
are updated. It was assumed that each talk affects DH and
TB with different strength. If a child has IA positive, both
TB and DH will change more strongly in a positive sense.
In contrast, if child has IA negative at the end of a given
talk, TB and DH will change less strongly. PI indicator
does not change over time. Its contribution to the
formation of [A in students decreases with the age of the
children.

Table 3: Generate DH indicator values based on the sum of the
auxiliary indicators FV and CCB.

Dietary habits (DH)
FV + CCB | Uniform distribution range
<=0.5 0
0.5-0.8 0-0.3
>=0.8 0.5-1




The older the children, the smaller the contribution of the
PI index to the formation of students' attitudes. When
students are in grades O to 3 it has an equal contribution,
when in grades 4 to 6 the contribution is half as much,
when in grades 7 and 8 the contribution is zero.

Depending on the nurses' involvement, IFs may vary
after each talk. The more involved a nurse is in
conducting education, the more likely the students' FI-P
is higher and FI-N is lower. The less involved the nurse,
the FI-P is lower and FI-N is higher. FI-P and FI-N are
generated from triangular distributions ranging from 0 to
1 with the most likely value depending on the nurse's
involvement in educational talks Table 4.

Table 4: Parameters of triangular distributions for generating
FI-P and FI-N according to the nurse's involvement in
educational talk.

Nurse’s Range | Most likely value
involvement 0-1 FI-P | FI-N | 0-1
Low 0-1 0.15 0.8 | 0-1
Diversified 0-1 0.5 0.6 | 0-1
High 0-1 0.75 04 | 0-1

Verification and Validation

The hybrid model is still undergoing wide verification
and validation due to progressive research. The extended
part of the model has been subjected to many verification
tests; these included visualization tests, degeneration
tests and extreme conditions tests. The concept on oral
health education described within the framework of this
research, has been partially validated. The assumptions
for the model were discussed in detail with a dental
expert, who confirmed their validity. However, in order
to carry out a complete validation and estimate with even
greater accuracy the impacts included in the model, it is
planned to conduct a school-based study that will take
into account all the elements of modeling the impact of
educational talks that were assumed within the
framework of this research.

SIMULATION RESULTS
Overview of simulation scenarios

We conducted the simulation under 2 scenarios. Under
the first scenario, we conducted 6 experiments. We
observed how IA would be shaped in students for three
types of nurse involvement with baseline assumptions
and baseline effects of talks on indicators in students
(scenario 1.1). The baseline impact of the talks on the
indicators in students is shown in Table 5.

In addition, we observed the formation of IA in the
students when the talks affect the students in different
ways. The different impacts were modeled by
multiplying the baseline impact of the talks by a value
generated randomly for each student from a uniform
distribution from 0 to 2 (scenario 1.2).

In the second scenario, we also conducted 6
experiments, for two types of talk's impact (as in the first

scenario), but for twice less number of talks (scenario 2.1
when the impact of the talks is baseline, and scenario 2.2
when the impact is differentiated for each student).

Table 5: Base impact of educational talks on students according
to IA, indicator (ind) and grade. Range of triangular distribution
(ran) and most likely value (mlv).

grade
IA | ind 0-3 4-6 7-8
ran mlv ran mlv ran mlv
p TB 0-2 0.15]10-031] 02 |0-04] 0.3
DH | 0-0.15| 0.1 | 0-0.3 | 0.25 | 0-04 | 0.3
N TB | 0-0.1 | 0.05 | 0-0.1 | 0.1 | 0-0.1 | 0.1
DH | 0-0.1 | 0.05 | 0-0.1 | 0.05 | 0-0.1 | 0.05
RESULS AND DISCUSSION

The results of the experiments showed that
systematically conducted oral health education results in
the formation of positive attitudes at the end of primary
education in the vast majority of children (Table 6). For
scenario 2.2, detailed data on the development of IA over
time are presented ( Figure 4).

Depending on the number of talks, their impact on
students and the nurse's involvement, the formation of
positive attitudes takes place earlier or later in primary
school time. In Figure 4 it can be seen that the low
involvement of the nurse in giving talks, has a negative
impact on the formation of health attitudes in students,
only from the fourth grade most students have IA
positive, and only in the seventh grade all students. If the
nurse is always involved at the highest level, by far the
largest number of students already in the first grade have
positive IA, and from the 5th grade onward all students.
The nurse's varied involvement, on the other hand, results
in 16 students already having positive IA in the second
grade, and also from the 5th grade onward all students
have positive IA.

It can be seen that regardless of the number of talks, the
strength of their impact and the nurse's involvement in
conducting them, all or almost all students graduate with
a positive IA. If we reduce the number of talks by half,
then the nurse's involvement is more significant than
during more talks.

CONCLUSIONS

In this paper, we discussed the hybrid simulation
approach to support management decisions in planning
educational talks as one part of dental caries prevention
programs dedicated to school children. A simulation
model built according to the DES and ABS paradigms
was used to observe the formation of health attitudes in
students under the influence of educational talks,
interactions taking place between students at school and
depending on individual student characteristics.

In the proposed model, each student has individual
characteristics. Each one is affected differently by the
talks. The proposed model makes it possible to take into



Diversified involvement of

No. Initial 0 1 2 3 4 5 6 7 8 0
1 Ne :N-NJPRPRPRPRPRPRP] (N
2 N. NFPLNFPRPRPRPRPRP] N
3 Ny NJPFPRPRPRPRPRPRPI N
4 N NNPNNPPZPZP N
5 Pl N_NJPRPILNIPRPRPRP] N
6 N, FPLN_NJPFPRPRPRPRP| N
7 N REPAN_NJPRPRPRPRPRPI P
8 N. N-NJPSPEFPEPRPRPRP] N
9 N NNNJPFPFPFPRPRP] N
10 N NNNNNPPPP N
11' N NPNPPPPZPP N
12 N NJPRPRPRPRPRPRPRP| N
13 N NNPPPPPPP N
14 JPy ENFPEPRPEPRPEPRPRPY N
15 N NNNPPPPPZP N
16 N NNPNPPPPP N
177 N NNNPPPPPP N
18 N NNNPPPPPP N
19 EN. pPANSP . NFIPRPRPRPEP] N
20 N ERPRPSPRPRPRPRPRPRPY N
21 N. ENJPEPRPRPRPRPRPEPY [N
22 N NNPPPPPPP N
23 Bl ENNJFPRPRPRPRPRPRPY N
24 N NNPPPPPPP N
25 By ENJPRPRPRPRPRPRPEPY N

Low involvement of the

1

ZzlzlzZ Wiz 2 7 98= 2 DRz 2 BE 2 E 2z 2 2 Z R

O~ iz Iz (CRTEZ iz [Tz TRz EREZ 2 Z 2 Iz Bz 2 2 =

High involvement of the

234567 1234567

A E el A A A Ax A A A A 4] A A4 Ax =
il iz iRz Dz (Rl lZ (Dl
=) ) o) e o o o) Goh e ol B Gl eR el el el R ol ik o) o) G°
PGP GRER e R GG G C R R R R A e e P e e R e R e R e R e R R e
) =0 G iach el el el el Ged el el e Gl Gl P P ek ash el el ek ek ol e
e e - e e e e e - e I e e e e e e =D - R e
e 2 2 FIOER |2 2 2 2 Ol 2 2 (2 2 2 OO 2 |2 [ o
iz |z iz iz oz R itz [Z [Tl
=) =) (a0 iach ach el e ) =) Gacd el el el o ) fach ) ) ach G ik ) Il
o 2 2 2 ) ) A ) A 2 el ) )l el ) Il e 6l il e Il
=) o0 o0 el el o el el o0 ol R o o GoB B et (o) ook o) el o) o) c
o) () (3= iac) ) e ) ) ) ) R el ek ok ) ) ) ) el h i) ) Il
o) (o) (=) Bach ) ) e e ) ) acR el ek ok ) iac) ) ) ech R il ) Il ) s
o) o) ) i) ) ) e e o e Gach el ek ok ) ) ) ) cd ol ik ) Il
a=) (=) (=) Bac) ) o) fac) o) Gac) ) el el ek ok ) Ua) fac) lac) el GacR il i) nch o) S

PP P PRPRPRP.

Figure 4: Results of the scenario 2.2 that involved twice the total number of educational talks during primary school education
(from O to 8 class), with varying impact on students and for three types of nurse involvement in conducting them; the most common
values for each of 25 students at the end of the year, during 10 replications; N for negative IA and P for positive IA.

account these individual characteristics, as well as other
elements that can be helpful in planning education within
the framework of prevention programs dedicated to
primary schools. Education in oral health and hygiene is
the first step in reducing the incidence and progression of
dental caries disease in students. So depending on the
health goals established and the resource capacity of
providers of dental caries prevention programs, it may be
crucial to aim for positive 1A as early as possible for
students. When weighing the provision of education
against the provision of other preventive services such as
tooth fluoridation or sealing of first molars, and the
treatment of the consequences of caries, education is by
far the least expensive and most beneficial from the
perspective of community health and limited health care
resources.

The study is part of a larger investigation into the
possibility of using a hybrid simulation approach to
support the planning of dental caries prevention
programs.

Table 6: 1A positive initial and at the end of primary school
education, depending on the nurse's involvement in giving
educational talks; average of 10 replications for each simulation
scenarios.

. .. Nurse's involvement
Scenario | Initial Diversified | Low | High
1.1 9.1 25 25 25
1.2 9.1 25 25 25
2.1 9.1 24.6 24.1 | 24.6
2.2 9.1 24.2 22.1 | 249

The limitation of the present study was the lack of access
to detailed data. In this article, we were able to
demonstrate that it is possible to model the impact of
health education on students' attitudes, but to do so with
greater precision, the necessary real data would need to
be collected.

Future research plans to conduct an empirical study
among a group of students and expand the study to
include more schools within the region.
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