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APPLICATION OF HEALTH EDUCATION PROGRAM BASED ON INTELLIGENT
RECOMMENDATION ALGORITHM IN THE DEVELOPMENT OF SCHOOL-AGE

CHILDEN’S HAND HYGIENE BEHAVIOR
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Abstract. The cultivation of hand hygiene behavior among school-age children is an important way to prevent the spread of
diseases and ensure children’s health. However, traditional health education methods lack personalized programs tailored to each
child, which cannot effectively improve their hand hygiene awareness and behavior. In response to this issue, the study combines
multi-objective particle swarm optimization algorithm to provide personalized hand hygiene behavior development recommenda-
tions for school-age children, improving their hand hygiene awareness and behavioral level. The study adopted multi-objective
particle swarm optimization algorithm and convolutional neural network, combined with the personalized needs of school-age chil-
dren and the goal of cultivating hand hygiene behavior, and proposed a health education plan based on intelligent recommendation
algorithm. Through deep learning, match the hand hygiene needs of school-age children with corresponding health education
plans to achieve personalized recommendations. The average accuracy of the health education recommendation plan for hand
hygiene behavior cultivation of school-age children based on multi-objective particle swarm optimization algorithm reaches 99.07%.
Meanwhile, after introducing convolutional neural networks, the feature matching error between the recommended scheme and
school-age children ranges from 10-1 to 10-2. After testing, the designed algorithm performs more stably and has less fluctua-
tions under different sparsity conditions. Health education solutions based on intelligent recommendation algorithms can provide
personalized solutions for school-age children, effectively cultivate their hand hygiene behavior, and meet various health needs.

Key words: School age children; Hand hygiene behavior cultivation; Intelligent recommendation algorithm; multi-objective
optimization; deep learning

1. Introduction. In today’s digital age, with the continuous development of the Internet and big data
technology, the application of intelligent recommendation algorithms in the field of health education is gradually
receiving attention [1, 2]. Especially in the cultivation of hand hygiene behavior among school-age children, intel-
ligent recommendation algorithms can provide personalized educational programs based on children’s behavior
and preferences, which helps to improve children’s hand hygiene awareness and behavior development [3, 4].
Hand hygiene is one of the important ways to prevent the spread of diseases, especially among school-age
children. Due to the complex environment and objects they come into contact with, the importance of hand
hygiene is even more prominent. However, traditional health education methods often lack personalized pro-
grams tailored to each child, which cannot effectively improve their hand hygiene awareness and behavior [5].
Intelligent recommendation algorithms can provide customized hand hygiene education plans for each child
by analyzing their behavior and preference data. Through deep learning and data mining techniques, we can
understand children’s acceptance of hand hygiene information, learning styles, and interests, thereby providing
them with more appropriate educational content and methods. In view of this, the study comprehensively
considers the personalized choices and reasonable healthy diet of school-age children, as well as the cultivation
goals of hand hygiene behavior. The study uses multi-objective particle swarm optimization (PSO) algorithm
to motivate the hand hygiene behavior of school-age children, improves the multi-objective PSO algorithm,
and constructs a multi-objective optimization algorithm suitable for the hand hygiene behavior of school-age
children. At the same time, it combines convolutional neural networks (CNN), A personalized intelligent rec-
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ommendation algorithm based on particle swarm optimization and deep learning for hand hygiene behavior
cultivation of school-age children has been proposed to promote their hand hygiene behavior cultivation. The
research structure is mainly divided into four parts. The first part is a summary of relevant research results;
The second part is the design of a health education solution based on intelligent recommendation algorithms;
The third part is to verify the effectiveness of the algorithm; The final part is the research summary.

2. Related work. With the improvement of people’s living standards, people pay more and more attention
to the quality of life. Various recommendation systems are widely used in humans. How to improve the accuracy
of recommendation is a key issue. To improve the accuracy and user satisfaction of the recommendation system,
Janakiraman et al. proposed technologies such as ant colony and particle swarm optimization to optimize the
recommendation algorithm. The recommendation algorithm of PSO is superior to other traditional algorithms,
with higher performance and Accuracy [6]. To prevent the sudden appeal of diabetes-related complications,
Tabassum N et al. proposed an expert recommendation system using fuzzy logic to determine individual
dietary needs at the micro and macro nutritional levels. The results showed that the system can recommend
the best diet plan for diabetes control. Prevention of complications is very effective [7]. In order to choose
an appropriate method to build an interactive news data heterogeneous graph with an appropriate learning
mechanism, M Ma et al. raised a news personalized recommendation system on the ground of a graph-based
action-aware network, and the results showed that the system can focus on different users. Different degrees of
user recommendation news [8]. To shorten the search room of similar users or items in social networks, Berkani
proposed a personalized item recommendation combining social filtering algorithm and traditional user-based
collaborative filtering algorithm. This method can effectively cut down the search space [9]. Benkessirat et al.
proposed a recommendation system that uses clustering to improve the collaborative filtering algorithm in order
to help users find joy that better match their personal data. Compared with classical collaborative filtering
and collaborative filtering based on k-means, the proposed method significantly enhances the recommendation
efficiency [10]. To address the matter of low accuracy of traditional recommendation methods and the lack
of consideration of information, Zhang et al. suggested a multi-dimensional comprehensive recommendation
method. This could lift the recommendation accuracy [11]. Cao B and others artificially solved the problem of
big data overload and designed a distributed parallel evolutionary algorithm based on non dominated sorting
and crowding distance. It discovered network nodes with fewer visits in a personalized way, thereby alleviating
the pressure of data overload. The results showed that this method has good performance and efficiency [12].

CNN, as a type of neural network that specializes in processing data with similar grid structure, is widely
used because of its good accuracy and efficiency in processing large data sets. To enable users to effectively
search for same, related and diverse Dunhuang mural images, Zeng et al. proposed a CNN model tuned in the
data set of Dunhuang murals. The finely tuned ResNet152 is the best choice for searching for similar images at
the visual feature level, while improving the diversity of search results [13]. Wang et al. studied the robustness
of graph convolutional network (GCN), and proposed a new “false node attack” to attack GCN by adding
malicious fake nodes. The results showed that non -target attacks reduced the GCN accuracy. Up to 0.03,
targeted attacks achieve a 78% successful rate on a group of 100 nodes, and an average success rate of 90%
when attacking a single targeted node [14]. W El-Shafai et al. raised a CNN-based SIGTra hybrid module to
accurately display the main features of pneumonia and COVID-19 diagnostic medical images, and the results
showed that the SIGTra is compatible with other related CNN models for COVID-19 detection. Compared
with it, it shows better performance in terms of precision, sensitivity and accuracy [15]. For solving the problem
of limited prediction-accuracy of traditional network security situational awareness, Chen constructed a RBF
neural network prediction model based on SA-HHGA optimization. The results showed that the predicted
situation value and the actual situation value of the optimized RBF in 15 samples. It is very close and has a
good predictive effect [16]. For improving the data embedding ability of the modification-free steganography
algorithm (MFS), JB Wu et al. designed a semi-structured MFS combined image classification and CNN. It has
great anti-attack capacity and can improve Hidden ability [17]. Zhang Q et al. designed a robust deformable
denoising cellular neural network to address the issue of convolutional operations potentially altering noise
distribution in image denoising. The network extracts noise features through deformable blocks, promotes
contextual interaction with enhanced blocks, and solves long-term dependency problems with residual blocks.
The results show that the model performs well in both qualitative and quantitative analysis [18].
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Fig. 3.1: Framework of Health Education Program for Hand Hygiene Training of School-age Children

To sum up, at this stage, abundant scholars have contributed to the application of various recommenda-
tion systems and CNN from various aspects. However, there are still relatively few personalized intelligent
recommendation programs for cultivating children’s hand hygiene behavior and health. Therefore, this study
combines the feature extraction and representation methods of children’s hand hygiene behavior data with
multi-objective PSO algorithm, and proposes a recommendation algorithm for children’s hand hygiene behav-
ior development that combines deep learning and multi-objective optimization to provide personalized hand
hygiene behavior development recommendations.

3. Methods. With the increasingly prominent issue of cultivating children’s hand hygiene behavior, users
and intelligent recommendation systems are facing increasing challenges in seeking effective solutions. In order to
design a health education program suitable for cultivating children’s hand hygiene behavior, a health education
program based on intelligent recommendation algorithms was studied and constructed. CNN was introduced
to establish a health education program for cultivating hand hygiene behavior among school-age children based
on deep learning, in order to help them develop good hand hygiene habits.

3.1. Design of a health education program for cultivating hand hygiene behavior among school-
age children. School-age children are in a critical period of growth and development, and their immune system
is not yet fully mature, making them susceptible to infection. Developing hand hygiene behavior is one of the
important ways to prevent the spread of diseases and is of great significance for protecting children’s health.
Therefore, it is necessary to design a health education program specifically aimed at cultivating hand hygiene
behavior among school-age children. This program aims to help school-age children develop correct hand
hygiene habits and improve their health level through education and training [19]. Based on the needs and
goals of school-age children, a health education program for hand hygiene training of school-age children is
designed. The framework is shown in Figure 3.1.

In Figure 3.1, the scheme first clarifies the objectives and specific real-time plan of the scheme. Conduct user
needs analysis based on the goals to understand children’s hand hygiene habits, cognitive abilities, and learning
styles. And according to user needs, plan content such as hand hygiene knowledge, hand hygiene animations,
hand hygiene games, and hand hygiene songs [20]. In this section, attention needs to be paid to the diversity,
interest, education, and systematicity of the content to attract children’s attention and enhance their learning
interest. At the same time, design the functional modules of the system based on the content of the plan and the
target user group, including learning mode, testing mode, and interactive mode. In functional design, attention
should be paid to the practicality, ease of use, and scalability of functions to meet user needs while providing a
good user experience. The program comprehensively considers the physical and mental characteristics, cognitive
ability and behavior habits of school-age children to enhance their hand hygiene awareness and ability, and
prevent and control the occurrence and spread of infectious diseases. Its goal is to cultivate good hand hygiene
habits, and through systematic education and training, it helps school-age children establish good hand hygiene
habits and enhance their awareness and ability of hand hygiene.
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Fig. 3.2: PSO algorithm process

3.2. Design of multi-objective optimization algorithm for cultivating children’s hand hygiene
behavior based on particle swarm optimization. Although a health education program has been designed
to cultivate hand hygiene behavior among school-age children, there are individual differences among school-age
children, including age, gender, cognitive abilities, and learning styles. Therefore, it is necessary to provide
more personalized and differentiated education tailored to the characteristics and needs of different children,
and research the use of deep learning algorithms to optimize and improve the designed health education plans.
In deep learning algorithms, the PSO is characterized by simplicity and fast convergence speed. The specific
process is Figure 3.2 [21].

As shown in Figure 3.2, the Global-best solution (gBest) on single-objective optimization can be obtained
through the PSO algorithm when the number of particle swarms is constant. However, when the optimization
objectives become multiple, the PSO cannot complete the choice of the optimal position of the group among
multiple individuals, because there are multiple optimal positions of the group in multi-objective optimization.
To address this issue, the study put forward a multi-objective particle swarm optimization (MOPSO) built on
the PSO to select a leader according to the degree of congestion in the optimal set [22]. The MOPSO includes
five key elements, which are the initialization of the particle space, the topology of the particle neighborhood,
the inertia weight, the maximum velocity of the particle, and the stopping criterion. The specific flow chart is
Figure 3.3.

As shown in Figure 3.3, in the needs analysis of hand hygiene education programs for school-age children,
multiple aspects of children are involved, including their hand hygiene habits, cognitive abilities, and learning
styles. In order to balance multi-objective optimization and each nutrient, further research is needed on the
definition rules of the five key elements of MOPSO. First of all, the research selects the particle space that
includes aspects such as hand hygiene habits, cognitive abilities, and learning styles as the localization scope.
The size of the particle swarm is N . Binary particles are used to initialize the initial velocity. The calculation
method is shown in formula 3.1.

if(v0id = max(v0id)), then x0
id = 1, else x0

id = 0 (3.1)

In formula 3.1 v0id, is the initial velocity, x0
id and is the initial position. Then find the individual best
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Fig. 3.3: MOPSO process

particle (pBest) value of each particle, and define an objective function suitable for hand hygiene behavior.
This function can evaluate whether children’s hand washing habits meet hygiene standards based on indicators
such as hand washing time and frequency. The objective function should be consistent with the evaluation
criteria for hand hygiene behavior in school-age children. By calculating the objective function value of each
particle, the optimal particle, namely the optimal hand washing time and frequency, can be found. Comparing
the optimal position value of the objective function of the historical best position adaptation value, and updat
the one with the higher fitness value is updated as the historical best position, calculated as formula 3.2.

pBesti = (pi,1, pi,2, . . . , pi,D, )

if f(xid) < pid, thenpid = xid, elsepid = pid

if f(xi) < pBesti, then pBesti = pid, else pBesti = pBesti

(3.2)

Equation 3.2 pBesti is all the best positions that the particle-i has experienced in space, pid represents the
individual optimal position of particle i in d-dimensional space, xid represents the current position of particle
i in d-dimensional space, and f(.) represents the evaluation function used to calculate the fitness of particle
position. Find a global value from the calculated individual fitness value and compare it with the historical
storage, update the global optimal solution to obtain the best balance of human nutritional needs, and the
calculation is shown in formula 3.3. {

gd = min(pBesti)

gBest = (g1, g2, . . . , gD)
(3.3)

gBest in equation 3.3 is the best position that the population-d has experienced in the dimensional space
component, which gd is the that of the same in the space. Then, the contraction factor D is introduced to obtain
a better solution to improve the shortcoming of the slow convergence speed of the PSO, and the calculation
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Fig. 3.4: CNN neural network structure diagram

formula of the update speed of the dimensional space component i of the particle is obtained d as formula 3.4.{
vkid = W [vkid + c1r1(pBestid − xk

id) + c2r2(gd − xk
id]

W = 2
|2−c−

√
c2−4c| , c = c1 + c2, c > 4

(3.4)

In formula 3.4 c1 , , c2 is the learning factor, c1 = c2 and it is between 0 and 4; the contraction factor w is the
c1, c2 restricted inertia weight. The velocity of the dimension changes during the update is in d[−vmin,d, vmax,d]
the range, when, vid > vmax,dvid = vmax,d. To further update the position of the dimensional space component
i of the particle d, the calculation formula is shown in formula 3.5.

xk+1
id = xk

id + vkid (3.5)

In formula 3.5, xk
id and vkid are the d-th dimensional component of the vector position in the k-th iteration of

particle i and flight velocity of particle i in the k-th iteration. During the update the position of the dimension
changes in d[xmin,d, xmax,d] the range, when, xk

id > pBestidx
k
id = pBestid. At this point the value is updated

k, set k = k + 1 until iterations equal max iterations to complete the algorithm steps.

3.3. Design of personalized recommendation algorithm for children’s hand hygiene behavior
development based on multi-objective optimization. Due to the different hand hygiene habits and
cognitive abilities of each school-age child. Therefore, it is necessary to design personalized recommendations
based on children’s characteristics to meet children’s needs. The research uses CNN to extract and intelligently
recommend personalized health education plans [23]. CNN is divided into three parts: local receptive field,
shared weight and pooling. It studies the problem of using CNN’s forward and backward algorithms to adjust
and update people’s needs as time changes, and uses response error calculation to solve the output structure.
The result deviates greatly from the user’s own needs. First, personalized data on hand hygiene habits, cognitive
abilities, and learning styles of school-age children are input into the input layer and standardized to unify units
and formats [24, 25]. Then use the convolution layer to extract behavioral features, realize data processing and
compression, and complete the preliminary screening process of AP. When the hand hygiene behavior data of
school-age children is used as input, the personalized recommendation for cultivating children’s hand hygiene
habits are output, the hidden layer’s node amounts are 4, 2, 3 hidden layers, and bias items, the specific CNN
neural network structure is shown in Figure 3.4.

To provide users with a variety of choices, the research pushes different children’s hand hygiene behavior
development plans to users at the same time, and performs weighted summation of the non-dominated solutions
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Fig. 3.5: CNN neural network specific structure diagram

that cannot be judged according to the weight. The calculation is formula 3.6.

F (x) =

n∑
i=1

ωi × fi(x) (3.6)

In formula 3.6, ω1, ω2, . . . , ωn it is n the weight of the th behavior development plan, fi(x) which is n
the fitness of the behavior development plan. In the calculation process, the research proposes a preference
strategy to solve the situation that the user cannot provide weights. First, find all the solutions and perform
a fast non-dominated sorting to divide the levels. For the non-dominated solutions of the same level, the
user’s input order of each behavior development plan is used as the preference tendency, and the order is
reduced ω1 > ω2 > . . . > ωn . The range U is determined according to the number n of agricultural product
combinations, and the calculation is shown in formula 3.7.

U ∈ (0, Umax =
2

n(n− 1)
, n = 1, 2, , . . . (3.7)

To sum up, the above-mentioned research input a large number of user orders and matched personalized
solutions more suitable for learning hand hygiene habits and cognitive abilities through CNN self-learning, and
realize the multi-objective personalized intelligent recommendation for hand behavior development in school-
age children. The CNN input layer is set with 4 neurons, and the hidden layer is set with 3 neurons. The
specific CNN structure is shown in Figure 3.5.

As shown in Figure 3.5, the application of CNN in the recommendation for children’s hand behavior
development. In summary, the personalized recommendation algorithm design for children’s hand behavior
development based on multi-objective optimization and deep learning has been completed.

4. Conclusion. The user’s choice of an appropriate recommendation scheme is essentially a matching
process between user needs and information on hand hygiene behavior cultivation for school-age children [26, 27,
28]. Users judge whether the recommended scheme meets their needs based on the intelligent recommendation
algorithm, content, and the goal of cultivating hand hygiene behavior among school-age children, and ultimately
choose a suitable health education plan. To verify the accuracy of the health education scheme based on
intelligent recommendation algorithms in the cultivation of hand hygiene behavior among school-age children,
this part focuses on the design of the convergence and distribution of non-inferior solutions of the algorithm
on two-dimensional test functions, further testing the accuracy of the personalized intelligent recommendation
scheme for hand hygiene behavior cultivation of school-age children based on CNN.

4.1. Performance analysis of hand hygiene behavior cultivation in MOPSO school-age chil-
dren. For verifying the effect of intelligent recommendation algorithms for cultivating hand hygiene behavior
among school-age children, user data was collected, such as age, gender, and hand hygiene behavior level of par-
ticipating children, as well as relevant health education data, such as hand hygiene behavior goals, effectiveness
evaluation, and learning feedback. From the experimental data studied, the determination of the maximum
iteration value is carried out.
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Fig. 4.1: Particle and maximum iteration value determination

Figure 4.1 shows the accuracy measurements for the maximum iteration value. The results show that when
the sum of particles is the same, the greater the iterations, the higher the accuracy. When the total number of
particles is 70 or more, the accuracy does not change much, all above 97%. Therefore, the study further selects
the particle numbers as 70 and the max amount of iterations as 10 as the stopping criterion, sets the variable
of 8 to 8, and the variable of 2 to 2. On the two-dimensional test function (ZDT3, ZDT6), the Elitist-Mutated
MOPSO technique (EM-MOPSO) and Speed-constrained MOPSO (SMOPSO) algorithm were compared and
tested.

Figure 4.2a and 4.2b are the comparative test diagrams of the experiments of the three algorithms on the
2D test functions ZDT3 and ZDT6. Compared with the EMMOPSO and SMOPSO algorithms, the distribution
of non-inferior solutions of the proposed MOSPO algorithm is more concentrated, indicating that the algorithm
has better convergence. Further, the three algorithms are compared and tested on the three-dimensional test
function (DTLZ2).

Figure 4.3a- Figure 4.3c are the comparative test results of MOPSO, EMMOPSO and SMOPSO on the3D
test function DTLZ2 respectively. The solution distribution of MOPSO on the 3D-test function is relatively
concentrated, while EM-MOPSO and SMOPSO are relatively scattered. In summary, among the test functions
of ZDT and DTLZ series, the MOPSO owns greater convergence and distribution, which shows that the
algorithm has a better running effect and is an effective strategy to improve the MOPSO. The next step is to
use MOPSO and genetic algorithm (GA) to provide intelligent recommendations for personalized hand hygiene
behavior cultivation for children of different age groups. The accuracy rates of different indicators compared
with actual data are calculated, and the accuracy results of the two algorithms are also calculated. The results
are shown in Table 4.1.

Table 4.1 shows the accuracy of the indicator values of the hand hygiene behavior training recommendation
algorithm and the recommendation accuracy of different algorithms. The various hand hygiene behaviors
recommended by the study can meet the needs of children’s hand hygiene behavior cultivation, with an accuracy
rate between 80% and 100%. Compared with GA, the MOPSO algorithm provides better hand hygiene behavior
recommendation results and can achieve the best hand hygiene behavior cultivation effect. The average accuracy
of the MOPSO algorithm is 99.07%, while the average accuracy of the GA algorithm is 97.87%. In order to gain
a deeper understanding of the developmental differences in hand hygiene behavior among school-age children
and further validate the effectiveness of the designed recommendation algorithm in hand hygiene behavior
cultivation, a study selected 150 high school and 150 junior high school students from a certain middle school,
and 150 elementary school students from a certain primary school as subjects. These subjects were divided
into three groups, and the MOPSO algorithm based health education program was used The health education
program based on GA algorithm and the health education program without using the algorithm were intervened
for one month. After the experiment, the recommended accuracy of different algorithms in cultivating hand
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(a) True Pareto edge rendering of the algorithm on the ZDT3 function

(b) True Pareto edge rendering of the algorithm on the ZDT6 function

Fig. 4.2: Algorithm two-dimensional test function graph

(a) The real Pareto frontier render-
ing of the MOPSO algorithm on the
DTLZ2 function

(b) The real Pareto frontier render-
ing of the EM-MOPSO algorithm on
the DTLZ2 function

(c) The real Pareto frontier render-
ing of the SMOPSO algorithm on
the DTLZ2 function

Fig. 4.3: Algorithm three-dimensional test function effect diagram
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Table 4.1: The accuracy of indicator values in hand hygiene behavior training recommendation algorithms and
the recommendation accuracy of different algorithms

age Accuracy of hand
washing frequency (%)

Accuracy of hand
washing time (%)

Accuracy of hand
washing indications (%)

MOPSO algorithm
accuracy (%)

GA algorithm
accuracy (%)

1 97.82 98.19 99.95 99.15 97.25
2 98.50 97.67 99.89 98.76 96.52
3 99.00 98.77 99.88 99.28 97.81
4 98.67 97.59 99.82 98.69 96.32
5 99.74 95.61 99.80 98.38 95.23
6 98.54 99.19 99.99 99.50 98.05
7 98.00 98.62 97.63 99.76 98.53

Table 4.2: Recommended accuracy of different algorithms in cultivating hand hygiene behavior among students
at different educational stages

Algorithm
Accuracy rate

of primary school
students (%)

Accuracy rate
of junior high

school students (%)

Accuracy rate
for high school
students (%)

MOPSO algorithm 94.76% 96.92% 99.07%
GA algorithm 92.35% 94.65% 97.87%

Unused 89.10% 91.32% 93.50%

hygiene behavior among students at different educational stages was calculated. The results are shown in
Table 4.2.

From Table 4.2, it can be seen that after receiving the MOPSO algorithm based health education program,
the recommendation accuracy of the high school student group is 99.07%, the middle school student group
is 96.92%, and the accuracy of the primary school student group is 94.76%. It can be observed that as age
increases, older students are more able to accurately understand and practice hand hygiene guidance. However,
the MOPSO algorithm outperformed other comparison groups in all education stages, indicating that the
algorithm assisted health education program has a significant effect on improving the accuracy of students’
hand hygiene behavior, proving its effectiveness and emphasizing its scientific and practical significance.

4.2. Performance analysis of personalized recommendation algorithm based on multi-objective
optimization model. To verify the effectiveness of a personalized recommendation algorithm for children’s
hand hygiene behavior development by combining multi-objective optimization models with CNN. The study
extracted an appropriate amount of samples from existing databases for 500 neural network training sessions,
and analyze the convergence of training errors.

Figure 4.4 is a graph of the convergence of CNN network training errors for 500 times. The results show that
the error between the recommended scheme of by the CNN neural network and the user’s features is between
10 -1 and 10-2, and the best training error value in training is 0.020065, which is a small error, indicating that
the CNN network can be used to intelligently recommend children’s hand hygiene behavior development plans
that meet user needs. For exploring the performance of CNN under different data sparsity, a randomly sampled
user dataset was studied, and the data sparsity was changed, and the CNN model is combined with common
latent factor models (LFM) and collaborative deep learning (CDL) models. CDL language and the SIFT-LFM
model using the Scale Invariant Feature Transform (SIFT) method to extract image features combined with
LFM for comparative testing.

Table 4.3 shows the experimental test results of different models under different sparsity. CNN at each
sparsity is more accurate than the others, and the results obtained are better. At the same time, compared
with the LFM, the improvement rate of the CNN increases from 4.53% to 12.82%, which means that in When
the data is sparse, the CNN is more stable than the LFM model, with less fluctuation. The research selected
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Fig. 4.4: Training Error Convergence Graph

Table 4.3: Experimental results of each model under different data sparsity

Model Score data a d density
0.45% 1.37% 2.12% 2.89% 3.55% 3.93%

LFM 1.2081 1.0571 0.9837 0.9462 0.9201 0.9034
CDL 1.1654 1.0289 0.9555 0.9232 0.8978 0.8869

SIFT-LFM 1.1000 0.9903 0.9331 0.9096 0.8834 0.8759
CNN 1.0532 0.9618 0.9114 0.8873 0.8708 0.8625

Improve 12.82% 9.02% 7.35% 6.22% 5.36% 4.53%

2,000 users as test objects, and further compared the recommendation schemes of the CNN with the other three
models, and used the mean absolute error (MAE) as the evaluation index. The smaller the value of MAE, the
smaller the recommendation error. The result is more accurate.

Figure 4.5 is a comparison chart of the average error of the recommended schemes of the four models.
The MAE value of the CNN model is smaller than that of the other three models, indicating that the CNN
recommendation scheme is more accurate than other model recommendation schemes and more in line with user
needs. And as the number of test users increases, the overall MAE value shows a downward trend, indicating that
the larger the amount of data, the better the model’s recommendation quality can be fully reflected. In summary,
the personalized recommendation algorithm for children’s hand hygiene behavior cultivation based on particle
swarm and deep learning proposed by the above research can give the optimal personalized recommendation
scheme according to user needs, further lift the life-quality of children, and meet the personalized diet of children
need.

5. Discussion. In recent years, people’s quality of life has significantly improved, and health education
for school-age children has become more important. However, there is still a problem of non-standard hand
hygiene behavior among school-age children, which may have a negative impact on their health and growth.
Therefore, how to effectively cultivate correct hand hygiene behavior among school-age children has become a
common concern for parents and educators. To solve this problem, a personalized recommendation scheme for
hand hygiene behavior development in school-age children based on PSO and deep learning was proposed by
combining MOPSO algorithm and CNN algorithm. Compared with GA, the accuracy rate of the hand hygiene
behavior development in school-age children by the MOPSO algorithm is between 80% and 100%, and the
average accuracy rate of its nutrient intake is 99.07%, while the mean accuracy ratio of the GA nutrient intake
is 97.87%. In addition, after using the deep learning of CNN, the error of matching the recommended scheme and
user features is 10 -1-10 -2, and the best training error value in training is 0.020065. When tested under different
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Fig. 4.5: Comparison chart of experimental results of four models

sparsity, compared with the LFM model, the improvement rate of the CNN model increased from 4.53% to
12.82%, and the performance was more stable. At the same time, the MAE value of the CNN model was smaller
and the error was smaller. In summary, the above research proposes that health education programs based on
PSO and deep learning can better provide personalized recommendations based on the hand hygiene behavior
data of school-age children, further promoting their hand hygiene behavior development and improving their
quality of life. However, current research has not taken into account the impact of different cultural backgrounds
and regional differences on the hand hygiene behavior of school-age children. Subsequent research can further
explore cross-cultural and cross regional plans for children’s hand hygiene behavior development to meet a
wider range of children’s needs.
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