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Purpose: With the rise of big data, deep learning neural networks have garnered attention from psychology researchers due to their 
ability to process vast amounts of data and achieve superior model fitting. We aim to explore the predictive accuracy of neural network 
models and linear mixed models in tracking data when subjective variables are predominant in the field of psychology. We separately 
analyzed the predictive accuracy of both models and conduct a comparative study to further investigate. Simultaneously, we utilized 
the neural network model to examine the influencing factors of problematic internet usage and its temporal changes, attempting to 
provide insights for early interventions in problematic internet use.
Patients and Methods: This study compared longitudinal data of junior high school students using both a linear mixed model and 
a neural network model to ascertain the efficacy of these two methods in processing psychological longitudinal data.
Results: The neural network model exhibited significantly smaller errors compared to the linear mixed model. Furthermore, the 
outcomes from the neural network model revealed that, when analyzing data from a single time point, the influences of seventh grade 
better predicted Problematic Internet Use in ninth grade. And when analyzing data from multiple time points, the influences of sixth, 
seventh, and eighth grades more accurately predicted Problematic Internet Use in ninth grade.
Conclusion: Neural network models surpass linear mixed models in precision when predicting and analyzing longitudinal data. 
Furthermore, the influencing factors in lower grades provide more accurate predictions of Problematic Internet Use in higher grades. 
The highest prediction accuracy is attained through the utilization of data from multiple time points.
Keywords: problematic internet use, junior high school students, neural network model, linear mixed model

Introduction
With the advancement of technology and the progress of society, teenagers are growing up in an increasingly abundant 
material and spiritual world, facing progressively complex challenges. Technology has not only enriched their spiritual 
experiences but has also given rise to various issues, such as Problematic Internet Use (PIU).1 In recent years, researchers have 
shown growing concern about the internet-related issues faced by teenagers, such as the chaos within “celebrity fan clubs” and 
the existence of grey industry chains,2 as well as the addictive nature of online games.3 Some researchers have also focused on 
implementing relevant countermeasures, including enhancing online safety.4 The intersection of rapidly advancing internet 
technology and junior high school students, who are undergoing significant physical and mental changes, makes these issues 
even more apparent.

Junior high school students possess a strong curiosity about the world, especially regarding new internet-related 
phenomena. However, their behaviors and values are not yet fully developed, and their ability to self-regulate is limited. 
Consequently, resisting the allure of the internet becomes challenging, and they are often easily captivated by new games and 
carefully designed information online. Additionally, junior high school is a period marked by heightened independence and 
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rebelliousness. These students yearn to break free from parental and teacher control, seeking autonomy and adulthood, and the 
internet offers an environment that caters to such desires, leading them to be more prone to indulgence.5

Nonetheless, there have been fewer studies focusing on the longitudinal changes in PIU among middle school 
students and the factors influencing it. In recent years, research methodologies like deep-learning neural networks have 
increasingly come into the researchers’ purview. In contrast to traditional linear statistical analysis methods, which suffer 
from poor model fitting, neural network models can overcome these limitations and provide better model fitting.

In the field of medicine, some scholars have compared the accuracy of neural network and linear hybrid model. Li et al 
compared the prediction accuracy of neural network and linear random effect mixed model in longitudinal data. The results 
showed that whether it is long-term prediction or short-term prediction, the standardized mean square error of neural network 
model is less than that of linear mixed model.6 Some researchers compared the prediction effect of neural network model and 
decision tree method with linear regression model on adolescent mental illness. The results showed that both neural network 
model and decision tree model have higher predictability and are better than linear regression model.7

However, the variables studied in the medical field are more objective measurements, while in the field of psychology, they 
are more subjective variables. In addition, in the field of psychology, such as junior high school students’ questionable Internet 
use and adolescent mental health problems,8 it is easy to be affected by many variables, such as individual characteristics, 
school, family, environment and so on. Linear mixed model and neural network model can analyze the relationship between 
variables more accurately than traditional statistical methods, and may show greater advantages in dealing with subjective 
variables. However, which one has a more accurate fitting effect needs to be further explored.

The objective of this study is to investigate the longitudinal influences on PIU among junior high school students, 
comparing a linear mixed model with a neural network model to determine the more fitting approach. Furthermore, we 
aim to analyze how variables at different time points can predict PIU among junior high school students and, based on 
these findings, propose countermeasures to mitigate PIU among this age group.

Definition and Theoretical Basis of PIU
In 2001, Davis introduced a Cognitive-Behavioral Model of Pathological Internet Use, subsequently extended by 
Caplan,9,10 which has been employed to explore the correlation between PIU and various mental health variables 
(Figure 1). The model categorizes PIU into two distinct types: specific PIU and generalized PIU. Specific PIU pertains 

Figure 1 Cognitive behavior model. 
Note: PIU for Problematic Internet Use.
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to individuals who excessively rely on certain Internet features, such as the misuse of online pornographic material and 
engaging in online gambling. On the other hand, Generalized PIU involves a pervasive, multidimensional overuse of the 
Internet, often encompassing unproductive time spent online.

The cognitive-behavioral model provides a detailed explanation of the various factors influencing PIU and is widely 
accepted among psychologists. It also differentiates PIU into general PIU and specific PIU, facilitating an in-depth 
investigation into the nature of PIU. As a result, this study has chosen the cognitive-behavioral model as the theoretical 
foundation to examine PIU among junior high school students.

Influencing Factors of PIU in Junior High School Students
Teenagers constitute one of the primary user groups of the internet. As of December 2022, the number of internet users in 
China reached 1.067 billion, with teenagers aged 10 to 19 accounting for approximately 14.3% of the total users. The age 
at which teenagers access the internet is progressively younger.11

PIU among middle school students can be attributed to four general causes. Firstly, the family factor plays a significant 
role, as parenting styles influence junior high school students’ PIU. Studies have found that negative parenting styles are 
positively associated with PIU among middle school students. Positive and healthy families, characterized by strong parent- 
child relationships, effective communication, and support, can reduce the incidence of PIU through timely identification 
and correction.12,13 Social support has been shown to have a negative predictive effect on PIU, while loneliness has 
a positive predictive effect, with loneliness partially mediating the relationship between social support and PIU.14

Secondly, personal traits also contribute to PIU. Shyness has been found to have a significant positive effect on PIU 
among secondary school and college students.15 Additionally, the way junior high school students seek to satisfy their 
needs online influences their PIU, with perceptions of online need satisfaction positively predicting PIU, and offline need 
satisfaction having a negative predictive effect.16 Research has also demonstrated a significant negative correlation 
between self-esteem and PIU in middle school students.3

Thirdly, the immature stage of physical and mental development in junior high school students contributes to PIU. 
Their strong curiosity about the outside world, including the internet, coupled with their underdeveloped behaviors and 
values, makes it difficult for them to resist internet temptations.5 Tracking surveys of secondary school students in 
Hong Kong indicated an increase in PIU among junior high school students over time.17–19

Finally, peer factors also play a significant role. As junior high school students experience rapid physical and mental 
development, their interpersonal relationships undergo transformation. Peers assume an increasingly significant role in 
their lives. Junior high school students with poorer relationships with peers are more likely to exhibit PIU.20

According to PIU’s cognitive-behavioral model, psychopathology is the necessary distal cause of PIU symptoms. In 
this study, depression, which is a common psychopathological symptom, was measured.21 At the same time, new 
technologies related to the Internet are also important factors contributing to questionable Internet use, so we took the 
use of social networking sites, online shopping, online pornography and online games as examples to measure.6,15 In 
addition, the core factor in PIU’s cognitive-behavioral model is the existence of maladaptive cognition. We took shyness, 
life satisfaction and self-esteem as examples.6,15 One of the factors contributing to the broad causal path of PIU is also 
related to the individual’s social background. Specifically, the lack of social support and / or social isolation from family 
or friends will lead to universal PIU, so this study used the Loneliness scale to measure this. Finally, we used the 
questionable Internet usage scale to measure individual questionable Internet usage.

Overview of Neural Network Model
Neural networks have gradually emerged since the 1980s and 1990s, gaining popularity for their extensive applications 
and remarkable features such as high nonlinearity, self-organization, self-learning, and self-adaptation.22 Among the 
various neural network models, the Multi-layer Feed-Forward Neural Network stands out. The back-propagation 
algorithm (BP Network), initially proposed in Werbos’ PhD thesis, gained significant attention in 1986 when 
Rumelhart et al successfully implemented a multi-layer network trained with this algorithm, capturing the interest of 
researchers.23
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In psychology and related fields, there is a limited number of studies that apply feed-forward neural networks, with 
Convolutional Neural Networks (CNN) being more commonly used to analyze text or image content. Some research 
combines neural networks with CNN, as seen in Ferreira et al’s study in 2021 on the theory of child overextension.24 

Additionally, Generalized Regression Neural Network (GRNN) has been utilized to estimate item parameters of a two- 
dimensional item response theory two-parameter dichotomous scoring compensation model, with the error value of their 
parameter estimation being lower than that of a single neural network.25

Overview of the Linear Mixed Model
Linear Mixed Models have found widespread application in statistical analysis of longitudinal data, particularly in the 
fields of biology and medicine.26 In psychology, researchers have utilized linear mixed models for various investigations. 
For example, Hafkemeijer et al studied the effectiveness of eye-movement desensitization reprocessing therapy for 
treating personality disorders using a linear mixed model.27 Peltonen et al used a linear mixed model to evaluate the 
effectiveness of narrative exposure therapy for treating PTSD in children, among other studies.28

Despite their wide usage, linear mixed models have some limitations. Dealing with complex data that includes 
numerous observations and variables may lead to convergence issues during calculations, necessitating variable filtering.6 

Additionally, the linear mixed model assumes a normal distribution or a specific distribution for the data, with the 
intercept and slope following a multivariate normal distribution, and it presupposes a linear trend in the data.29 However, 
real-world psychological data may not always conform to these assumptions, leading to substantial errors when using 
linear mixed models in such cases. Consequently, researchers have compared the accuracy of neural networks to linear 
mixed models in the medical field. Li et al demonstrated that the neural network model outperformed the linear mixed 
model in terms of prediction accuracy for both short-term and long-term predictions on longitudinal data.6

Based on previous research, this study aims to explore the predictive accuracy of neural network models compared to linear 
mixed models when dealing with subjective variables in psychological longitudinal data. The comparison of predictive analysis 
results between the two models will provide insights into their accuracy, forming the basis for the following hypotheses:

Hypothesis 1: The neural network model exhibits higher accuracy in analyzing psychological longitudinal data compared 
to the linear mixed model.

Hypothesis 2: When predicting PIU using independent variables at different time points, the neural network model yields 
superior predictions for single time points at lower grades and consistently better predictions for multiple time points at 
different grades.

Materials and Methods
Sample
The data for this study were collected using a whole-group sampling approach, encompassing all sixth-grade students from 
a middle school in Shandong Province. The middle school follows a four-year program, from sixth to ninth grade. The study 
spanned three years, during which participants underwent testing four times, occurring in the pre-midterm period of the 
participants’ sixth, seventh, eighth, and ninth grades. The total number of valid data entries for analysis was 289, with 161 
females and 127 males included in the final dataset. Before starting the study, we obtained the consent of the school, the students 
and their parents, and signed the corresponding paper version of the informed consent form. To ensure the quality of the data, both 
administrators are professionally trained graduate students. In the classroom environment, the administrators helped the 
participants to complete the questionnaire in turn and stressed to the subjects that they should answer according to their true 
feelings.

Research Tools
Chinese Version of the Center for Epidemiological Studies Depression Scale
This scale comprises 20 questions and is rated on a four-point scale. Higher scores correspond to more severe depressive 
states.30 The Cronbach’s alpha coefficient for this scale at the first time point is 0.92.
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Social Networking Site Usage Scale
The scale is translated and revised by the Facebook usage scale,31 in which the context of Facebook is replaced with 
the context of Wechat moments and Qzone, because it is a relatively popular way of social interaction for the 
subjects.This scale consists of 12 questions, and participants rate their responses on a seven-point scale. Higher 
scores indicate a higher intensity of social networking site use. The Cronbach’s alpha coefficient for this scale at the 
first time point is 0.85.

Internet Shopping Addiction Scale
The scale contains 18 questions, and responses are scored on a seven-point scale.32 Higher scores reflect a higher 
tendency for online shopping. The Cronbach’s alpha coefficient for this scale at the first time point is 0.96.

Internet Pornography Scale
This scale encompasses 12 questions,33 and participants rate their responses on a seven-point scale. Higher scores 
indicate greater use of Internet pornography. The Cronbach’s alpha coefficient for this scale at the first time point is 0.94.

Online Gaming Disorder Scale
Comprising 10 questions, this scale is scored on a seven-point scale.34 Higher scores signify increased usage of online 
games. The Cronbach’s alpha coefficient for this scale at the first time point is 0.92.

Shyness Scale
Henderson shyness scale (RHUSS) was used in this study, which was developed by Henderson et al.35 With 17 questions, 
this scale is rated on a five-point scale. Higher scores indicate a higher level of shyness. The Cronbach’s alpha coefficient 
for this scale at the first time point is 0.87.

Life Satisfaction Scale
The scale comprises six questions, and participants rate their agreement on a seven-point scale.36 Higher scores suggest 
greater life satisfaction. The Cronbach’s alpha coefficient for this scale at the first time point is 0.92.

Self-Esteem Scale
In this study, the modified Rosenberg self-esteem scale was used to evaluate the self-esteem of Chinese school students.37 

This scale consists of seven questions, and responses are scored on a five-point scale. Higher scores indicate higher levels 
of self-esteem. The Cronbach’s alpha coefficient for this scale at the first time point is 0.82.

Loneliness Scale
This study uses the Chinese version of the original version of the University of California, Los Angeles (UCLA) Loneliness 
scale through translation and revision.38 With 20 questions, this scale is rated on a four-point scale. Higher scores signify 
increased feelings of loneliness. The Cronbach’s alpha coefficient for this scale at the first time point is 0.92.

Problematic Internet Use Scale
Patricia Gomez’s generalized pathological Internet usage table Generalized Pathological Internet Use Scale (GPIUS) was 
adapted and developed to measure Chinese students’ use of the Internet in general problems.39 Comprising 11 questions, 
this scale is scored on a seven-point scale. Higher scores indicate a higher degree of PIU. The Cronbach’s alpha 
coefficient for this scale at the first time point is 0.88.

Data Analysis
All analyses were carried out in SPSS and Python 3.8. Firstly, the normality test of the dependent variable was carried 
out, and then the linear mixed model and neural network model were carried out respectively, and their output results 
were compared and analyzed. In addition, the output results of the neural network model were used to infer the degree of 
influence of the influencing factors at different time points on problematic Internet use.
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(1) Linear mixed model. Initially, the data that had undergone preprocessing were read, including the removal of 
individuals who did not participate in all four experiments, deletion of individuals with experimental data beyond 
the specified range, reverse scoring of scale questions, and mean interpolation for missing values. Model training 
was then conducted. Taking the first training as an example, depression, shyness, life satisfaction, self-esteem, 
loneliness, and other scales from the first test were selected. The total score of each scale was extracted and 
calculated. Subsequently, the questionable Internet use scale from the second test was selected, and its total score 
was extracted and calculated. The questionable Internet usage scale was only introduced into each calculation as 
a dependent variable, not as an independent variable. Each sum was created as a new series, imported into the 
linear regression model, and cross-verified with a 10% discount. Finally, the standardized mean square error was 
used to measure the data results. The sum of the standardized mean square error and the determination coefficient 
equaled 1 in the linear mixed model, prompting the output of the standardized mean square error and determina-
tion coefficient.

(2) Neural network model. The preprocessed data were read, and variable processing was performed. Subsequently, 
90% of the data were selected as the training set, and 10% as the test set. To enhance prediction accuracy, data 
were shuffled and converted into a form suitable for model processing. Simultaneously, model parameters such as 
the number of hidden layers were set, the network structure was defined, the neural network was constructed, and 
data were imported for training. The standardized mean square error was then used as the standard to measure the 
data. This operation was repeated multiple times. Influencing factors from the first time were used to predict 
the second, third, and fourth problematic Internet use. The influencing factors from the second time were used to 
predict the third and fourth problematic Internet use, and so forth.

Missing Data Analysis
The data for this study were collected from a follow-up study at four time points within three years, resulting in some 
scales having missing values due to participant absence and other reasons. Due to the neural network model’s specific 
data analysis requirements, blank values are not allowed. Therefore, missing data were imputed. In this study, the amount 
of missing data was less than 10%. To ensure the integrity of the information and reduce the reduction in statistical test 
power caused by deleting a large amount of data, the mean imputation method was adopted. This involved using the 
mean value of all data for the variable to fill in missing values.40

Results
In this study, a graphical test (Q-Q plot) was used to test the normality of the variables. The results found that the 
dependent variable basically showed a normal distribution (Figure 2).

Linear Mixed Model Output Results
The linear mixed model uses a 10-fold cross-validation to regress the data and the predicted results for different periods 
are as follows (Table 1 and Figure 3).

The observation of NMSEs (Normalized Mean Square Errors) exceeding 1 suggests that the linear mixed model’s 
predictions may not be valid for certain data points.6 Specifically, the data sets that exhibit NMSEs greater than 1 are as 
follows:1st time point predicts 4th time point; 2nd time point predicts 4th time point; 1st and 2nd time points predict 4th time 
point; 1st and 3rd time points predict 4th time point. These data sets may have higher prediction errors, making their validity 
questionable. Additionally, for the data sets with NMSEs that did not exceed 1, it is important to note that the closer their 
NMSEs are to 1, the lower their validity, indicating less reliable predictions. Further examination and consideration of these 
findings are essential for the accurate interpretation of the linear mixed model’s results.

Neural Network Model Output Results
Using a neural network model to systematically analyze data from different periods, we selected the normalized mean 
square error of ten predictions to further analyze the predictive effect of data from different periods. The results are as 
follows (Table 2 and Figure 4).
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Comparison of Linear Mixed Model and Neural Network Model and Prediction 
Analysis Results
The prediction results of the two analysis methods are compared as follows (Figure 5):

Based on the comparison between the linear mixed model and the neural network model using the normalized mean 
square error (NMSE) as the evaluation metric, several important findings emerge:

In the linear mixed model, certain data sets, such as 1–4, 2–4, 1–2–4, and 1–3–4, exhibit NMSE values above 1, 
indicating that these data sets are not valid and may have poor predictive accuracy. Other data sets in the linear mixed 
model have NMSE values ranging from around 0.8 to 0.9, suggesting suboptimal accuracy with large prediction errors. 
On the contrary, the neural network model consistently demonstrates better performance. The mean value of the NMSE 
for the neural network model remains below 0.1, indicating higher accuracy and better stability of results when dealing 
with psychological longitudinal data. Based on these comparison results, it can be concluded that the neural network 
model has superior model fitting capabilities compared to the linear mixed model when analyzing psychological 
longitudinal data.

Figure 2 The Q-Q graph of PIU at three time points. 
Note: T2-T4 for grades 7–9, respectively.
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These findings underscore the advantage of employing neural network models for predictive analysis in longitudinal 
psychological research, as they exhibit better accuracy and stability in capturing complex patterns and relationships in the data.

Neural Network Models to Analyze the Results of Data Studies at Different Time 
Points
After importing the data into the neural network model, we conducted a thorough analysis of the data from various periods. 
Subsequently, we computed the average of multiple experiments (refer to Table 2 and Figure 3). In the comparative study 
(refer to Figure 4), we observed that utilizing the neural network model to predict based on data from different periods resulted 
in fluctuating data within a specific range. Notably, the highest normalized mean square error and lowest accuracy were 
evident when predicting the dependent variable of the third test using the independent variable from the second test. However, 
as we predicted the dependent variable using data from multiple time points, the accuracy significantly improved.

As a result, we can deduce that when employing single time point data for predictive analysis, the accuracy of using 
the second test’s independent variable to predict the dependent variable of the fourth test is higher. Conversely, when 
multiple time point data is available for predictive analysis, employing the first three independent variables to predict the 
dependent variable of the fourth test yields higher accuracy.

Table 1 Linear Mixed Model 
Output Results Table

Predicted Time Point NMSE

T1 predicts T2 0.875

T1 predicts T3 0.989

T1 predicts T4 1.127
T2 predicts T3 0.918

T2 predicts T4 1.047

T3 predicts T4 0.945
T1 and T2 predict T3 0.952

T1 and T2 predict T4 1.091
T1 and T3 predict T4 1.006

T2 and T3 predict T4 0.958

T1, T2 and T3 predict T4 0.993

Note: T1-T4 for grades 6–9, respectively.

Figure 3 Output results of linear mixed model. 
Note: T1-T4 for grades 6–9, respectively.
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Discussion
Discussion of the Results of a Study Comparing Linear Mixed Models and Neural 
Network Models for Problematic Internet Usage Longitudinal Data
Based on the comparison of the results and findings from this study, it is evident that the neural network model 
outperforms the linear mixed model when dealing with psychological longitudinal data. This conclusion aligns with 

Table 2 Neural Network Model Analysis of PIU Output Results Table

Predicted 
Time Point

T1 Predicts 
T2

T1 Predicts 
T3

T1 Predicts 
T4

T2 Predicts 
T3

T2 Predicts 
T4

T3 Predicts 
T4

1 0.127 0.095 0.085 0.097 0.089 0.127

2 0.086 0.093 0.104 0.076 0.068 0.087
3 0.119 0.100 0.092 0.106 0.089 0.132

4 0.065 0.074 0.070 0.093 0.073 0.080

5 0.085 0.078 0.061 0.082 0.078 0.104
6 0.057 0.099 0.079 0.124 0.062 0.086

7 0.065 0.073 0.071 0.089 0.080 0.064

8 0.107 0.095 0.070 0.127 0.076 0.060
9 0.070 0.076 0.091 0.106 0.063 0.072

10 0.097 0.118 0.101 0.086 0.074 0.085

Mean 0.088 0.090 0.082 0.098 0.075 0.090

Predicted 
Time Point

T1 and T2 
Predict T3

T1 and T2 
Predict T4

T1 and T3 
Predict T4

T2 and T3 
Predict T4

T1, T2 and T3  
Predict T4

1 0.108 0.076 0.087 0.079 0.084

2 0.084 0.086 0.099 0.075 0.085
3 0.077 0.084 0.093 0.060 0.047

4 0.082 0.073 0.071 0.096 0.073

5 0.074 0.078 0.069 0.060 0.077
6 0.078 0.074 0.075 0.071 0.057

7 0.077 0.061 0.060 0.072 0.065

8 0.085 0.111 0.071 0.076 0.067
9 0.108 0.087 0.061 0.088 0.094

10 0.071 0.082 0.075 0.075 0.067

Mean 0.084 0.081 0.076 0.075 0.072

Note: T1-T4 for grades 6–9, respectively.

Figure 4 Neural network model analysis of PIU output results graph. 
Note: T1-T4 for grades 6–9, respectively.
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previous research conducted by Li, Zhang, Wang et al, and Zhao et al,6,41–43 which also demonstrated the superiority of 
neural network models in various predictive analyses.

Specifically, Li found that the normalized mean square error of the neural network model was smaller than that of the 
linear mixed model for both long-term and short-term predictions on longitudinal data.6 Zhang also highlighted the 
advantage of neural network models over linear mixed models in constructing disease-specific models, complementing 
traditional approaches.41

Moreover, Wang et al compared neural network models and decision tree methods with linear regression models and 
observed that both neural network models and decision tree models exhibited high predictive power.42 Similarly, Zhao et al 
conducted a cross-sectional study on PIU and time management tendencies among junior high school students using BP neural 
network models, and the findings indicated that neural network models offered more accurate predictions across different 
variables such as gender and regions.43

Therefore, the consistent findings from this study and the comparative results of other scholars reinforce the 
predictive advantage of neural network models, especially in analyzing psychological longitudinal data. This advantage 
empowers psychology researchers to make more precise predictions of various issues and, subsequently, implement more 
accurate and targeted interventions. The utilization of neural network models contributes to advancing the effectiveness 
and precision of predictive analysis in psychological research.

Discussion of the Results of a Study of Neural Network Models for Predicting PIU 
Among Junior High School Students
The results clearly demonstrate that when employing the neural network model, data fluctuates within a certain range 
when predicting based on data from different periods. Notably, the highest normalized mean square error and lowest 
accuracy were observed when predicting the dependent variable of the third test using the second test’s independent 
variable. However, the accuracy improved when predicting the dependent variable using multiple sets of data.

These findings align with previous studies showing the strong stability of PIU.44 Moreover, social support and 
loneliness have been identified as predictors of PIU,14 with shyness also exerting a significant predictive effect.9 

Additionally, self-esteem among junior high school students was found to be positively associated with PIU.3

Shek and Yu’s follow-up survey of Hong Kong secondary school students revealed that the proportion of junior high 
school students in the PIU group increased from 26.4% to 26.7%.18 Those who met the criteria for PIU at the first 
measurement were more likely to be classified as a PIU group at the second measurement. Furthermore, the level of PIU 
among junior high school students tended to increase significantly over a period of one and a half years.17–19

The present study provides more accurate predictions to further elucidate the factors influencing junior high school 
students’ PIU and its variations over time.

Figure 5 Comparison of output results of linear mixed model and neural network model. 
Note: T1-T4 for grades 6–9, respectively.
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Limitations
(1) Data Limitations. While the whole-group sampling method provides a large data sample, it is essential to acknowledge 

the potential limitations in the data’s representativeness due to factors like geographical characteristics and economic 
levels. The subjects of this study were all sixth-grade students from a middle school in Shandong Province. The 
economic development of different regions in China may lead to differences in the level of Internet use between rural 
and urban adolescents. Future studies should consider expanding the sample size and covering diverse characteristics 
such as different races and regions to improve the representation of the subjects and the external validity of the findings. 
Additionally, handling missing values and data interpolation should be carefully executed to minimize their impact on 
the accuracy of the data.

(2) Model Selection. The study selected a linear mixed model and a neural network model for comparison, 
representing linear and nonlinear models, respectively. While this choice provides valuable insights, further 
comparative studies can be conducted using other linear models like ridge regression, which could potentially 
reduce covariance problems observed in linear mixed models.

(3) Inference and Validation. The study demonstrates the advantages of the neural network model over the linear mixed 
model in predicting PIU. However, the large fluctuations observed in the data during the inference process highlight the 
need for further validation through subsequent experiments. In addition, combined with the findings of this study and 
previous studies, it can be considered that the method adopted in this study can be extended to explore the longitudinal 
relationship between variables, such as the prediction of Alzheimer’s disease and postoperative survival of colorectal 
cancer patients using neural network models in clinical psychology.45,46 Future research can further expand the 
application fields of this method, such as the study of some individual psychological variables changing with age in 
developmental psychology.

Conclusion
(1) The findings of the study indicate that neural network models outperform linear mixed models in predictive 

analysis of psychological Longitudinal data.
(2) The predictive accuracy of PIU in higher grades was higher when using data from lower grades for variables such 

as depression, intensity of social networking site use, online shopping, online pornography, online gaming, 
shyness, life satisfaction, self-esteem, and loneliness among junior high school students.

(3) When utilizing multiple time points of data for variables such as depression, intensity of social networking site use, 
online shopping, online pornography, online gaming, shyness, life satisfaction, self-esteem, and loneliness, the 
accuracy of predicting PIU was the highest.
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