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Abstract. To explore an effective method to solve the psychological development 

problems of left-behind children in rural areas, when identifying the psychological 
problems of left-behind children in rural areas, this paper uses ECG signals to carry 

out intelligent identification of students' mental health. Moreover, this paper uses the 
backward selection algorithm to filter the features, remove redundant and irrelevant 
features, and obtain the optimal feature combination. In addition, this paper extracts 

linear time domain features, linear frequency domain features, nonlinear features, 
and moment features to construct an intelligent model to identify the psychological 
development problems of rural left-behind children and formulate solutions. Finally, 

this paper combines experiments to evaluate the effect of the model and combines 
experiments to verify the effectiveness of the method in this paper. 
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1 INTRODUCTION 

1.1 Related Work 

The narrowness of the research content is mainly manifested in that, from the perspective of the 
content of the theory of mind research, given the actual needs and the convenience of experimental 

operation, the current research on the theory of mind mainly focuses on the content defined by the 
narrow theory of mind (i.e., intentions, Wishes and beliefs and other mental states), and as 
mentioned above, beliefs are the main research content. Many experiments have used the classic 

"false belief" understanding task as the only indicator of whether children have acquired theory of 
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mind ability, which undoubtedly narrows the scope of the theory of mind research. Although the 
results of the meta-analysis in this field in the literature[2] also acknowledge the fact that false belief 
understanding plays a vital role in the development of children's theory of mind, they recognize that 

false belief is not the only indicator for judging whether children have acquired theory of mind ability, 
and Claims that it will do better if you use a sequence of tasks. Literature [6] is directly questioning, 

"Focusing only on when children understand 'false beliefs' is often misleading because beliefs are 
just one of many mental states that children understand and use in their day-to-day interactions 
with others. Children may have A stable understanding of false beliefs, which does not develop until 

age 4. Still, they travel earlier on the developmental path of a common-sense psychological 
understanding of people." literature [1] also believes that "there is no evidence that children's meta-

representational understanding of intentions is related to or develops with their meta-
representational understanding of beliefs and that desires and beliefs are in determining people's 
understanding. Behavioural is equally important." Literature [5] argues that preschoolers already 

have a substantial understanding of perception, desire, and intention at an age when they still have 
only a shaky understanding of misbelief. This is indeed very easy to understand. We know that in a 
complete mental state, beliefs occupy a relatively high position, but just having beliefs cannot fully 

and effectively help us speculate and explain the behaviors caused by this mental state. Reference 
[3] believes that because children and adults often disagree on understanding the instruction 

language during the dialogue process of the theory of mind test, the children may not understand 
the real meaning or intention of the experimenter's question, which may underestimate the ability 
of young children. Because the experimenter's question has a specific scientific purpose, and the 

child makes a general conversational explanation, this does not mean that the child must have some 
psychological theory defect. This also reflects the importance of intention and understanding belief 
from another aspect. 

Examining the ecological validity of the theory of mind research has also yielded some exciting 
findings [8]. A study  [9] found that preschool children with more siblings to interact with performed 

better on false beliefs than those with fewer or no siblings. A study [7] showed that deaf children of 
parents with normal hearing but not fluent gestures performed worse on false belief tasks than those 
whose parents were also deaf but proficient in sign language. There are also some unexplainable 

phenomena from the research on particular groups of children's theory of mind. The study in the 
literature [10] shows that the theory of mind of autistic children has significant defects. Still, many 

of these defects only exist in social cognitive processing and some loneliness. The IQ level of children 
with schizophrenia may be higher than that of ordinary children, so it is difficult to explain with 
general mental retardation. Literature [11] believes that the above evidence constantly implies that 

in the current research process of theory of mind, some core mechanisms behind these seemingly 
"contradictory" experimental phenomena and conclusions may still be unknown. These mechanisms 
play a vital role in children's theory of mind development. If the tip of the iceberg of these 

mechanisms can be effectively revealed, the original debates can be quickly resolved [4] 

1.2 Objectives 

In the context of a significant data era, it is necessary to study the psychological education of rural 
left-behind children deeply. Society should give more care to left-behind children, create a good 
learning environment and living environment for them, pay attention to children's psychological 

development, correctly guide behavioral norms, cultivate healthy psychology, help left-behind 
children rightly view the problems they encounter, make them eliminate their inferiority complex, 
and treat life with a positive and sunny attitude. 

2 METHODOLOGY 

This paper uses the ECG signal to identify the students' mental health intelligently. 
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2.1 ECG Signal Preprocessing and Feature Extraction 

The acquisition of physiological signals in real scenarios requires a portable module. This paper uses 
Shimmer3.0 to collect ECG data of left-behind children. However, due to the scene and equipment, 

the data needs to be preprocessed, and then the R wave can be accurately located, the RR interval 
can be obtained, and various features can be extracted. 

Figure 1 shows the preprocessed signal, and Figure 2 shows the location of the R wave after 
preprocessing. 

 

Figure 1: De-baseline drift and De-noising of ECG signals. 

 

Figure 2: R wave localization. 

ECG RR interval sequence, also known as heart rate variability signal, contains valuable information 

about the cardiovascular system and is commonly used to identify emotions by collecting ECG 
signals. As shown in Figure 2, the R-wave positioning of this signal is correct. 

Since the psychological test data analysis later in this paper is based on the RR interval sequence, 

for each subject, it is necessary to manually check whether there is an error in the positioning of the 
R wave and whether there is a signal loss. An example of some signals lost due to equipment reasons 
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is shown in Figure 3. Due to equipment problems, a part of the waveform is lost, which will directly 
lead to an error in the calculation of the RR interval. The process in this paper is to delete the wrong 
interval manually. 

 

Figure 3: Data processing errors caused by device problems. 

2.2 Feature Extraction 

In terms of statistical features, this paper extracts the mean value 𝜇𝑥 , standard deviation𝜎𝑥 , 

difference value of one interval (2Diff _mean), difference value of second interval (3Diff _mean), 
root mean square of adjacent differences (RMSSD), beats greater than 50ms (NN50), and the 

proportion of beats greater than 50ms to total beats (pNN50).  

The calculation method of feature extraction is as follows: 

1. Mean 

𝜇𝑥 =
1

𝑁
∑ 𝑋𝑛

𝑁
𝑛=1                                                    (1) 

2. Standard deviation 

𝜎𝑥 = √
1

𝑁−1
∑ (𝑋𝑛 − 𝜇𝑧)2𝑁

𝑛=1                                                                         (2) 

3. The difference of one interval 

2𝐷𝑖𝑓𝑓_𝑚𝑒𝑎𝑛 =
1

𝑁−2
∑ [𝑋𝑛+2 − 𝑋𝑛]𝑁−2

𝑛=1                                                           (3)

 
4. The difference between two intervals 

3𝐷𝑖𝑓𝑓_𝑚𝑒𝑎𝑛 =
1

𝑁−3
∑ [𝑋𝑛+3 − 𝑋𝑛]𝑁−3

𝑛=1                                                            (4)

 
5. Root mean square of adjacent differences 

  

𝜎𝑥 = √
1

𝑁−1
∑ (𝑋𝑛 − 𝜇𝑧)2𝑁

𝑛=1                                                   (5)
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6. NN50: The difference between adjacent RR intervals is more significant than 50ms of heartbeats 
in all RR intervals. 

7. pNN50: NN50 is divided by the total number of RR intervals and multiplied by 100. 

Human HRV power spectrum range is generally 0~0.5Hz, and within this range, it can be divided 
into the following four frequency bands. 

This paper extracts LF, HF, and HF/LF in the frequency domain. Figure 4 shows the HRV power 
density spectra of the two subjects under pressure. 

Among them, the high-frequency power reflects the regulating function and activity of the vagus 

nerve and is related to respiratory sinus arrhythmia. Low-frequency power was associated with 
baroreflex modulation. 

                                            

(a)                                                   (b) 

                                                      
            (c)                                                           (d) 

Figure 4:HRV Power Density Spectra of Two States: (a) Subject 1 is in a Calm State; (b) Subject 1 
is in a Stressed State; (c) Subject 2 is in a Calm State; (d) Subject is in a Stressed State. 

The RR interval sequence is {𝑅𝑅1, 𝑅𝑅2, . . . . . . ,  𝑅𝑅𝑀 
}  RRM, and M, representing the number of RR 

intervals. First, the sequence needs to be integrated: 

𝑓(𝑘) = ∑(𝑅𝑅𝑖 − 𝑅𝑅), 𝑘 = 1,2, . . . , 𝑀                                                             (6)

 
The maximum Lyapunov exponent can effectively discriminate whether the time series is chaotic. 

This paper uses a small data volume method to calculate the foremost Lyapunov exponent, and the 
time series can be used for subsequent calculations after phase space reconstruction. In the 

reconstructed phase space, the distance between a trajectory x and its nearest x is: 

𝑑𝑗(0) = 𝑚𝑖𝑛
𝑋�̂�

‖𝑋𝑗 − 𝑋�̂�‖                                                                              (7)
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Among them, ‖𝑋𝑗 − 𝑋�̂�‖ is the Euclidean distance, and 𝑑𝑗(0) is the distance between the initial moment 

of xj and the nearest track. 

𝑑𝑗(𝑖) = 𝑑𝑗(0) × 𝑒𝜆1(𝑖×𝛥𝑡)                                                                        (8)

 
We assume that the distance between 𝑑𝑗(𝑖) and 𝑑𝑗(0) satisfies the exponential relationship, namely: 

Taking logarithms on both sides of the above equation, we have: 

𝑙𝑛 𝑑𝑗 (𝑖) = 𝑙𝑛 𝑑𝑗 (0) + 𝜆1(𝑖 × 𝛥𝑡)                                                            (9)

                                                      
for each step i: 

𝑦(𝑖) =
1

𝑀×𝛥𝑡
∑ 𝑙𝑛 𝑑𝑗 (𝑖)𝑀

𝑗=1                                                                   (10)

 
In this paper, we use the Legendre moment and Krawtchouk moment as the features of the RR 
interval sequence to identify and classify stress. 

1. Legendre moment 

For the one-dimensional discrete signal g(xi) at point M, 1≤i≤M, the expression of the p-order 
one-dimensional Legendre moment is: 

𝐿𝑝 =
2𝑝+1

𝑀−1
∑ 𝑃𝑝(𝑥𝑖)𝑑(𝑥𝑖)𝑀

𝑖=1                                                                    (11)

 
Among them, xi = (2i-M-1)/(M-1), and Pp(xi) is a one-dimensional Legendre polynomial of order p: 

𝑃𝑝(𝑥) =
1

2𝑝
∑ (−1)𝑗𝑝/2

𝑗=0

(2𝑝−2𝑗)!

𝑗!(𝑝−𝑗)!(𝑝−2𝑗)!
𝑥𝑝−2𝑗                                                    (12)

                                              

Among them, 𝑥 ∈ [−1,1]. The following recursive formula obtains Legendre: 

𝑃𝑝+1(𝑥) =
2𝑝+1

𝑝+1
                                                                           (13)

                                                                            

2. Krawtchouk moment 

A Krawtchouk classical polynomial of order n is defined as a hypergeometric function of the form: 

𝐾𝑛(𝑥; 𝑝, 𝑀) = ∑ 𝑎𝑘,𝑛,𝑝𝑥𝑘𝑀
𝑘=0 =2 𝐺1 (−𝑛, −𝑥; −𝑀;

1

𝑝
)                               (14)

                        

𝐺1 is a hypergeometric function. To keep the polynomial stable, the weighted Krawtchouk polynomial 

is introduced: 

�̄�𝑛(𝑥; 𝑝, 𝑀) = 𝐾𝑛(𝑥; 𝑝, 𝑀)√
𝜔(𝑥;𝑝,𝑀)

𝑟(𝑛;𝑝,𝑀)
                                                            (15)

                                                 

Among them, 𝜔(𝑥; 𝑝, 𝑀) and 𝑟(𝑛; 𝑝, 𝑀) are defined as: 

𝜔(𝑥; 𝑝, 𝑀) = (
𝑀
𝑥

) 𝑝𝑥(1 − 𝑝)𝑀−𝑥                                                               (16)

 
𝑟(𝑛; 𝑝, 𝑀) = (−1)𝑛 (

1−𝑝

𝑝
)

𝑛 𝑛！

(−𝑀)
                                                                 (17)

 

To calculate the weighted Krawtchouk polynomial simply: 
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𝐾𝑛−1(𝑥; 𝑝, 𝑀) = (1 +
𝑛−𝑛𝑝−𝑥

𝑝𝑀−𝑝𝑛
) 𝐾𝑛(𝑥; 𝑝, 𝑀) −

𝑛−𝑛𝑝

𝑝𝑀−𝑝𝑛
𝐾𝑛−1(𝑥; 𝑝, 𝑀)

                      (18) 

𝜔(𝑥 + 1; 𝑝, 𝑀) =
𝜔(𝑥;𝑝,𝑀)𝑝(𝑀−𝑥)

𝑥+1−𝑝−𝑥𝑝
                                                                    (19)

                                                                  

The initial conditions of the above two formulas are 𝐾0(𝑥; 𝑝, 𝑀) = 1,  𝐾1(𝑥; 𝑝, 𝑀) = 1 − 𝑥/(𝑀𝑝), 𝜔(0; 𝑝, 𝑀) =
(1 − 𝑝)𝑀. 

For a one-dimensional discrete signal f(x) of length N, the weighted Krawtchouk moment �̄�𝑛 is 

defined as: 

�̄�𝑛 = ∑ �̄�𝑛(𝑖 − 1; 𝑝, 𝑀 − 1)𝑓(𝑥𝑖)𝑀
𝑖=1 , 𝑥𝑖 = 𝑖 − 1                                               (20)

 
Among them, the selection of parameter p is based on which part of the signal recording time is of 
interest. In this paper, p=0.5 is finally selected. 

2.3 Feature Selection 

The backward selection algorithm (SBS) used in this paper refers to removing one remaining feature 
from the feature set each time to obtain the optimal evaluation function. The classifiers used for 

feature selection by the SBS algorithm in this paper are the BP neural network, KNN classifier, and 
SVM classifier. 

KNN is the most direct method of classifying unknown data. It can be understood through Figure 
5 and a simple text introduction. n. 

 

Figure 5: K-NN classification principle. 

The integrated view of the left-behind children's psychological theory explanation model is shown in 
Figure 6. 

This article needs to perform various three-category analyses in the follow-up, so the sum of the 

error rates of the three categories is used to evaluate the quality of the feature combination. The 
SBS algorithm performs three-category feature selection for resting state, simulated psychological 

test, and end-of-term psychological test, and the results are counted. 
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Figure 6: The integrated view of left-behind children's psychological theory explanation model. 

Based on constructing an intelligent model, this paper evaluates the effect of identifying rural left-
behind children's psychological development problems and analyzing their solutions. 

3 RESULTS 

The SBS algorithm selects three categories of features for resting state, simulated psychological 

test, and end-of-term psychological test, and the results are counted. The results are shown in Figure 
7. In the recognition results, the minimum error rate obtained by the KNN classifier was 1.035, the 
minimum error rate obtained by the BP classifier was 0.9213, and the minimum error rate obtained 

by the SVM classifier was 0.6667. Therefore, SVM classifiers are used for subsequent data 
classification and identification. 

 

Figure 7: Backward selection results. 

This paper evaluates the identification of rural left-behind children's psychological development 
problems and analyzes their solutions. The results are shown in Tables 1 and 2. 

Num
ber 

Psychological problem 
identification 

Num
ber 

Psychological problem 
identification 

Num
ber 

Psychological problem 
identification 

1 62.11  11 73.57  21 70.39  
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2 65.68  12 70.01  22 62.27  

3 71.04  13 69.29  23 71.03  

4 74.37  14 72.36  24 62.19  

5 73.79  15 62.00  25 67.81  

6 70.17  16 62.60  26 65.78  

7 67.99  17 75.84  27 74.03  

8 73.52  18 70.63  28 66.46  

9 72.60  19 75.17  29 61.94  

10 66.60  20 70.29  30 65.04  

 
Table 1: The identifying effect of psychological development problems in rural left-behind children. 

Nu
mbe
r 

Psychologically improve 
decision-making 

Nu
mbe
r 

Psychologically improve 
decision-making 

Nu
mbe
r 

Psychologically improve 
decision-making 

1 72.690  11 65.597  21 72.174  

2 65.484  12 61.133  22 61.685  

3 67.681  13 71.943  23 67.182  

4 63.226  14 60.690  24 67.668  

5 67.223  15 61.283  25 66.496  

6 64.264  16 61.946  26 63.032  

7 64.946  17 60.035  27 64.303  

8 70.570  18 69.026  28 68.719  

9 68.361  19 63.204  29 63.148  

10 63.587  20 64.752  30 71.686  

 
Table 2: The analysis effect of the solutions to the psychological development problems of rural left-
behind children. 

4 DISCUSSION 

It can be seen from Figure 6 that when the SVM classifier is used as the discriminant function for 

backward selection, the sum of the error rates of the three categories is the smallest at the 25th 
iteration. The features selected in the 25th iteration are Feature 4, Feature 10, Feature 11, Feature 
14, Feature 15, Feature 22, Feature 24~Feature 27, Feature 30, Feature 33, Feature 38, a total of 

13 features. The selected features are Feature 4, Feature 10, Feature 11, Feature 14, Feature 15, 
Feature 22, Feature 27, Feature 30, Feature 33, Feature 38, a total of 10 features. The error rate of 
the 28th iteration is only higher than that of the 24th iteration, and the selected features are three 

fewer. The eight features chosen by the 28th iteration are used 

 in the subsequent recognition.  

Tables 1 and 2 verify that the method and model proposed in this paper can play an essential 
role in identifying rural left-behind children's psychological development problems and the path to 
solution. Moreover, it has a specific role in solving these problems. 
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5 CONCLUSIONS 

Left-behind children in rural areas are a phenomenon that will exist for a long time. To fundamentally 
solve this problem, we need the attention and coordination of all parties, including families, schools, 

communities, and the government. This paper uses intelligent algorithms and models based on the 
background of big data to identify the psychological problems of left-behind children in rural areas. 

This paper mainly uses ECG signals to determine students' mental health intelligently. At the same 
time, this paper improves the identification effect of rural left-behind children's psychological 
development problems through algorithm improvement. It builds an intelligent model to identify 

rural left-behind children's psychological development problems and formulate solutions. Finally, this 
paper evaluates the effect of the model based on experiments. The statistical results of the data 

verify that the method and model proposed in this paper can play an essential role in identifying 
rural left-behind children's psychological development problems and the path solution. The 
application of artificial intelligence (AI) to tackle psychological development challenges faced by rural 

left-behind children during the Big Data era presents an opportunity to provide personalized and 
targeted support for this vulnerable demographic.  

6 RECOMMENDATIONS 

This article combines intelligent methods to strengthen the mental health education of left-behind 
children and help them "learn to be a man, learn to learn, and learn to live," which is the ultimate 

goal of their education. The model in this paper can play an essential role in identifying rural left-
behind children's psychological development problems and path solutions. 

 
Xinhua Zhang, https://orcid.org/0009-0007-9982-522X 
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