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1. INTRODUCTION

Gadget as a result of advanced technological developments allows children to use and even interact
easily just by touching the screen. The advantages of gadgets in childhood growth and learning have been
widely proven [1] [2]. However, excessive use of gadgets can lead to behavior, development, and learning
process problems [3]. The use of gadgets such as video games may also affect children's development in terms
of morality and social development [4].

Social experiences in childhood contribute to the development of the neurological and biological
systems [5]. Stressful experiences can alter a child's neurobiology by impairing their health, social competence,
and ability to succeed in life. Stress is related to the nervous system which has a role to send signals and respond
to potential threatening stress. Chronic stress can trigger the autonomic nervous system to keep working even
at rest condition. Naturally, this condition is dangerous for the body and mental health.

Current technology allows humans to use sensors that can monitor the activity/performance of a
particular organ, such as an electrocardiogram which is capable of recording heart activity. Electrocardiogram
(ECQ) as a tool for recording the performance of the heart, making it possible to monitor the activity of the
autonomic nervous system. Through this process, the stress conditions experienced by a person can be observed
directly.

Stress can be seen from the performance of the autonomic nervous system, which is characterized by
increased activity of the sympathetic nervous system and decreased parasympathetic nervous system [6]. Both
of these autonomic nervous systems work subconsciously to regulate body conditions. The activity of the
autonomic nervous system can be seen through the performance of the heart by looking at the heart rate
variability [7].
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Heart rate variability analysis has been carried out in recent decades to aid clinical and functional
diagnosis [8, 9]. In general, there are two ways to perform HRV analysis, linear and non-linear methods. The
linear method involves time domain and the frequency domain. Time domain measures how much HRV was
observed during specific periods. The duration of data recording significantly affects time domain value, so
the shorter recording period causes the analysis to be inaccurate [10]. The frequency domain calculates absolute
or relative signal strength in the Ultra-Low Frequency (ULF), Very Low Frequency (VLF), Low Frequency
(LF), and High Frequency (HF) bands. The duration of the recording period also becomes a limitation for the
measurement of this method [11]. The non-linear method measures uncertain and complex series of HRV. One
of the non-linear methods that can be used to measure HRV is the Poincaré Plot. The Poincaré plot was used
to identify the response produced by exercise on the treadmill [12], evaluate the effect of driver fatigue on the
autonomic nervous system (ANS) [13], and detect apnea [14].

Research among stress and HRV was conducted by Ahn [15] which developed a stress assessment
model using physiological responses generated from electroencephalogram (EEG) and heart rate variability
(HRV). The study, which involved 14 subjects, used various EEG and HRV features to allow continuous stress
monitoring. The classification model was developed using Support Vector Machine (SVM). Based on cross-
validation results, it was found that the system was able to show the best performance with 87.5% of accuracy.

Daily emotions and chronic work stress at work are also closely related to cardiac autonomic function
(HRYV vagal activity index) [16]. Effort Reward Imbalance (ERI) questionnaire was used to assess chronic
work stress. A total of 19 data were collected to model the neural network of heart rate and HRV information.
These results can provide additional information in stress research.

Objective evaluation methods for stress level analysis are essential for disease prevention, health
promotion, and quality of life improvement. Many wearables are capable of measuring pulse data that reflects
stress levels (electrocardiogram). The advent of these devices presents an exciting possibility to monitor a
person's stress level in everyday life. This study aims to develop a new method for stress analysis using an
electrocardiogram based on the poincaré plot, especially for gadget use in children.

This study hypothesizes that using gadgets in children's daily activities has no effect on stress levels.
Another objective of this research is to know the physiological condition of the children's body response
through a poincaré plot. This research is necessary considering the many assumptions that gadgets can cause
stress in children, but there is not enough evidence to support this assumption in terms of autonomic nervous
system activity.

2. METHOD
2.1. Experimental Design

The Experimental design serves to provide an overview of the data recording process carried out. The
experimental design in ECG recording is designed as shown in Figure 1. Parents/guardians of the subjects who
were involved in this research were given information about the research purposes and the data recording
procedures. The research will only be continued if the researcher obtains the consent from parents and the
subject. After receiving approval, an assessment was carried out (subject demographics, body condition
interviews and activities prior to recording) and vital sign check (body temperature and blood pressure). After
fulfilling the predetermined criteria, then it was proceeded with the installation of an ECG recording device
(electrode) on the subjects. All ECG recordings were performed in the recumbent (baseline) position.

ECG Device and
Electrodes

Installation of

ECG Device and ECG Recording | | ECG Recording | | ECG Recording

Assent Consent

Electrodes | (Pre-Using) (On-Using) (Post-Using) Removal
| |
g B P P, N
1 |
Research | !
Procedure Vital Sign Check | ! Vital Check
Explanation, Pre-Recording | ’ : Post-Recording
|
1 |
| |

Figure 1. ECG Recording Experimental Design

The first recording (pre-using) was done for 5 minutes when the subject was not using a gadget. After
5 minutes of pre-using recording, the subjects were asked to relax for a moment (transition procedure) for 1
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minute to prepare for the next recording. Subsequent recording (on-using) was also carried out for 5 minutes,
but the subjects were asked to start using gadgets such as accessing games, browsing, videos, and others. After
the completion of the second recording and transition procedure, the last recording was the same as the first

recording. The last stage in data collection is removing the ECG recording device and checking the subject's
vital signs again.

2.2. Subjects and Data Collection

Data collection was carried out with the specified subject criteria. The subjects were children who
were recruited by the researcher sequentially in the Special Region of Yogyakarta. Assent and consent were
submitted and approved by the parents/guardians of each subject.

The inclusion criteria in this study are: children, within 5-11 years old who understand and are
accustomed to operating gadgets, are willing to take part in the study. The exclusion criteria included: clinically
subjects do not experience psychological disorders, do not have a history of heart disease and diabetes mellitus,
and have body mass index > 35.

Data was taken from the subject in the form of electrocardiogram recording through the three leads
electrode. Data was recorded before using gadget (pre-using), during using gadget (on-using), and after using
the gadget (post-using). The duration of data recording was 5 minutes in every phase.

2.3. Heart Rate Variability Extraction

Heart Rate Variability (HRV) extraction using a poincaré plot starts from reading the
electrocardiogram (ECQ) signal. ECG from the subject has 50 Hz frequency. R-Peaks detection is carried out
using the Two Moving Average Algorithm (Figure 2). Two moving average algorithm was chosen because it
has proven to be quite good at detecting R-peaks in several medical cases [17].
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Figure 2. Two Moving Average Algorithm Peak Detection

The Two Moving Average algorithm uses butterworth filtering to filter out frequencies above a
predetermined cut-off. Determination of the QRS complex in the ECG signal is carried out using two Moving
Window Averages (MWA). The first MWA is used to capture the QRS area by calculating the average of a
number of samples. The second MWA aims to capture the complete signal peak. When the amplitude of the
first MWA is greater than the amplitude of the second MWA, then part of the signal is selected as the QRS
area (QRS block). The maximum absolute value in each QRS block is considered to be the peak of the QRS
complex [18].

Each beat has a QRS complex peak (R-Peak), and the results of the ECG data plot and the R-Peak
detection results are shown in Figure 3.
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Figure 3. Electrocardiogram Signal Data and
QRS Complex Peaks Detected

After all of the R-Peaks in the ECG signal are obtained, then the interval between adjacent R-Peaks
is calculated. Commonly it is called R-R Interval. The results of the R-R Interval plot as shown in Figure 4.
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Figure 4. R-R Interval Plot

2.4. Poincaré Plot Features

Poincaré plot is a non-linear analysis that serves to determine HRV dynamics. Poincaré plot is a
representation of a time series where the value of each pair of elements (R-R Interval) consecutively represents
apoint in the plot [19]. The quantitative analysis of HRV is presented in the form of Poincaré plots. The features
in the Poincaré plot are Standard Deviation 1 (SD1), Standard Deviation 2 (SD2), SD1/SD2 Ratio, and area of
ellipse (S-Region) [20].

Standard Deviation 1 (SD1) is the standard deviation of the variability of the R-R Interval for a
moment (short term). SD1 is obtained through Equation (1) below:

SD1 = /var(x1) (1)

Where var(x1) is the variance of the variable x1. The variable x1 is obtained through the following
equation (2):

RRU- RRi+1
x1 = — )

Where RRi and RRi+1 are R-R interval vectors defined in Equation (3) and Equation (4), respectively.

RR, = (RR,,RR,, ...,RRy_) 3)
RR,.; = (RR,,RRs, ..., RRy) @)

Standard Deviation 2 (SD2) is the standard deviation of the long-term R-R Interval variability. SD2
is obtained through Equation (5).
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SD2 = \Jvar(x2) (5)

Where var(x2) is the variance of the variable x2. The variable x2 is obtained through the equation
shown in Equation (6).

RRL + RRi+1
X2 = — 5 (6)

Where RRi and RRi+1 are R-R interval vectors defined in Equation (3) and Equation (4), respectively.

3. RESULTS AND DISCUSSION

3.1. Subject Demographics

This study has obtained assent and consent from the parents of each subject involved in the study.
Data collection protocols have also been pursued in accordance with the rules contained in the Declaration of
Helsinki regarding research involving human subjects. Subjects in this study were 5 children aged between 5-
11 years old. Each child participated more than once to ensure the consistency of the data taken, a total of 18
data were obtained. Table 1 shows the demographics of the subjects included in the study.

Table 1. Research Subject Demographics

Frequency Descriptive
Demography e
Total Percentage Mean Std. Deviation

Gender

Male 3 60% - -

Female 2 40% - -
Age - - 6 1.188
Body Temperature - - 36.089 0.374
Blood Pressure

Diastole - - 91.61 8.375

Systole - - 62.83 8.631

3.2. Poincaré Plot Analysis

The Poincaré plot is described in the form of a scatter plot where the x-axis is the R-R Interval and
the y-axis is the R-R Interval after it (R-R Interval+1). Figure 3.4 shows the poincaré plot of one subject before
using a gadget (left), while using a gadget (middle), and after using a gadget (right).

The center of the data distribution is searched, then the short-term standard deviation 1 (SD1) and
long-term standard deviation (SD2) are calculated. The area of the ellipse shows the distribution of the data
variability. Area of ellipse is obtained from the product of the coefficient value of phi (n) with SD1 (ellipse
width) and SD2 (ellipse length). The blue dots are a representation of all the data, while the area of the ellipse
is marked in orange.
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Figure 5. Poincaré Plot Before (Pre-Using), During (On-Using), dan
After (Post-Using) Gadget Usage
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As shown in Figure 5, data when using the gadget (on-using) tends to have a smaller area of ellipse
compared to before (pre-using) and after using the gadget (post-using). In addition, the distribution of the R-R
Interval when using gadgets also tends to be more homogeneous.

The next analysis is to perform descriptive statistical tests on the results of the poincaré plot feature
extraction that has been carried out. This descriptive analysis aims to describe the characteristics of the subject
before, during, and after using the gadget. The results of the descriptive statistical test are shown in Figure 6.
As shown in the picture, the SD1 parameter when the subject is using the gadget shows a lower average than
before and after using the gadget.
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Figure 6. Statistics of Poincaré Plot Features

3.3. Significance Test

Before conducting a significance test to determine the effect of using gadgets on several HRV
parameters, the normality test was first carried out. The normality test was conducted to determine whether the
data were normally distributed or not. This was done to determine the significance test to be performed
(parametric or non-parametric test). The normality test was carried out using the Shapiro-Wilk Method,
because the total data used was less than 50 data. Table 2 shows the results of the overall data normality test.

Table 2. Shapiro-Wilk Normality Test Results
Shapiro-Wilk

Tests of Normality

Statistic df Sig.
SD1 Pre-Using 0.638 18 <0.001%*
SD1 On-Using 0.851 18 0.009*
SD1 Post-Using 0.785 18 0.001*
SD2 Pre-Using 0.873 18 0.020*
SD2 On-Using 0.944 18 0.345
SD2 Post-Using 0.953 18 0.471
SD1/SD2 Ratio Pre-Using 0.982 18 0.966
SD1/SD2 Ratio On-Using 0.961 18 0.621
SD1/SD2 Ratio Post-Using 0.859 18 0.012*
Area of Ellipse Pre-Using 0.752 18 <0.001**
Area of Ellipse On-Using 0.839 18 0.006*
Area of Ellipse Post-Using 0.795 18 0.001*

* Significant at level 0.05; ** Significant at level 0.001
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Based on the results in Table 2, there is still a significance value that is less than 0.05 (Sig. < 0.05),
thus it can be concluded that the data is not normally distributed. Because the data are not normally distributed,
the significance test to be carried out is a non-parametric test using the Wilcoxon Method.

The significance test using Wilcoxon rank test was used to determine the effect of the gadget on the
poincaré plot feature in all subjects. The Wilcoxon Rank Test tested changes in position before and when using
the gadget (pre-using to on-using), during using and after using the gadget (on-using to post-using), and before
and after using the gadget (pre-using to post-using). The results of the paired t-test are shown in Table 3 below.

Table 3. Significance Test Results

Wilcoxon Signed Ranks Test VA Asymp. Sig. (2-tailed)
SD1 Pre Using - SD1 On Using -0.457 0.647
SD1 On Using - SD1 Post Using -1.851 0.064
SD1 Pre Using - SD1 Post Using -1.241 0.215
SD2 Pre Using - SD2 On Using -0.370 0.711
SD2 On Using - SD2 Post Using -2.025 0.043*
SD2 Pre Using - SD2 Post Using -1.415 0.157
SD1/SD2 Ratio Pre Using - SD1/SD2 Ratio On Using -0.240 0.811
SD1/SD2 Ratio On Using - SD1/SD2 Ratio Post Using -0.719 0.472
SD1/SD2 Ratio Pre Using - SD1/SD2 Ratio Post Using -0.762 0.446
Area of Ellipse Pre Using - Area Ellipse On Using -0.196 0.845
Area of Ellipse On Using - Area Ellipse Post Using -2.069 0.039*
Area of Ellipse Pre Using - Area Ellipse Post Using -1.372 0.170

* Significant at level 0.05

Based on the table, with a significance level of 5%, it was found that there were significant differences
in the SD2 parameters and the area of ellipse, only when using and after using the gadget (Sig. < 0.05), but
other than that there was no significant difference (Sig. > 0.05).

3.4. Stress Effect on Gadget Use

The purpose of this study was to determine the effect of using gadgets on stress levels as indicated by
autonomic nervous activity. The autonomic nervous system regulates the cardiovascular system which involves
heart rate variability (HRV). HRYV is one of the health indicators that is useful for measuring changes caused
by disease progression, physiological changes, or other pathologies [21, 22]. Disorders of the autonomic
nervous system cause fluctuations in heart rate, so HRV analysis can be used to monitor autonomic nervous
activity [23, 24].

The Poincaré plot is a popular HRV analysis tool among doctors, because of its ability to visualize
HRYV dynamics non-linearly [25]. The Poincaré plot has several parameters, including: Standard Deviation 1
(SD1), Standard Deviation 2 (SD2), SD1/SD2 Ratio, and Ellipse Area (S-Region). In general, SDI is a
parasympathetic parameter of the sinus node [26, 27], whereas SD2 is influenced by both parasympathetic and
sympathetic nerves [26, 27, 28, 29]. The SD1/SD2 ratio can be used as an indicator for sympathetic nerve
activity [29, 11].

Standard Deviation 1 (SD1) and area of ellipse show similar patterns, specifically when the subject
was using the gadget (on-using), the average HRV value was lower than before and after using the gadget.
Considering SD1 is a parasympathetic nerve parameter in the autonomic nervous system, it means that the
parasympathetic nervous system when using the gadget was not working optimally. The parasympathetic
nerves control homeostasis, and are also responsible for "rest and digest" functions in the body. Rest and digest
function is a condition that aims to heal and regenerate, such as: digesting, detoxifying, eliminating, and
building immunity [30, 31]. In patients with diabetes mellitus, lower SD1 indicates weakened parasympathetic
regulation caused by disturbances in body health [32]. Although the SD1 value when using the gadget was
lower than before and after using the gadget, based on the results of the significance analysis, no significant
difference was found. Based on these findings, the use of gadgets does not significantly affect the decrease in
parasympathetic activity in the body.

The average SD2 parameter shows an increase when there was a change from before, during, and after
using the gadget. The highest SD2 value occurs after using the gadget (post-using). SD2 is a long-term
variability that shows both autonomic nervous activity, sympathetic and parasympathetic nerves. However, the
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SD2 parameter tends to be stronger with sympathetic activity than parasympathetic activity [33]. The
significance analysis shows that there is a significant difference in SD2 parameters, only when using the gadget
and after using the gadget (SD2 On Using - SD2 Post Using). The difference is not significant between before
and after using the gadget (SD2 Pre Using - SD2 Post Using). Thus, the use of gadgets has no effect between
before and after using them, but when (on-using) and after using the gadget. If SD2 tends to show sympathetic
nervous activity, this study also confirms that a common response to physical and psychological stress is
activation of the sympathetic nervous system with inhibition of the parasympathetic nervous system [34].

The SD1/SD2 Ratio parameter shows that there is an increase similar to SD2 parameter. The SD1/SD2
ratio, which is associated with sympathetic nerve activity, shows the highest mean during the post-using
condition. In detail, there has been an increase in sympathetic nervous activity before using the gadget to during
using the gadget (pre-using to on-using), and from using the gadget to after using the gadget (on-using to post-
using). This pattern shows that the use of gadgets can increase sympathetic nerve activity. Sympathetic nervous
activity is related to the "fight or flight" response. The fight or flight response is a physiological reaction in the
body to an event that is perceived as pressure, stress, or threat [35]. Frequent, intense, or inappropriate
activation of the fight or flight response has implications for a variety of clinical conditions including most
anxiety disorders [36]. However, the increase in sympathetic nerve activity caused by the use of gadgets is not
too significant.

Stress is a state of homeostasis that is threatened, after being exposed to adverse extrinsic or intrinsic
forces [37]. One of the main pathways activated by stress is the autonomic nervous system [38, 39]. Under
normal conditions, the parasympathetic nervous system is activated when a stressful situation is reduced
because the autonomic nervous system is highly coordinated to maintain physiological homeostasis [30]. Acute
and chronic stress have also been reported to affect the immune system, and increase various inflammatory
markers [40, 41].

Poincaré plots describe beat-to-beat behavior in detail. Geometric visualization of the pointcaré plots
is done by displaying the area of the ellipse at the points in the plot. The points on the caré plot become more
dispersed in activity as vagal activity increases, or sympathetic activity decreases [42]. Poincaré plots provide
information on the R-R interval pattern of the heart, and can even be used to differentiate between heart failure
patients and healthy individuals [43], as well as the prognosis of patients with heart failure and patients prone
to life-threatening arrhythmias [44, 45]. Poincaré plots can reveal abnormalities that are not easily detected by
traditional time and frequency domain measurements. Visually, poincaré plots are more visible for detecting
autonomic changes. Such information indicates that it is important to provide insight into the importance of
morphology in poincaré plots, especially to relieve stress on the body.

4. CONCLUSION

Poincaré plots can be used to monitor stress on the body, either due to the use of gadgets or other
diseases. This research has found that there is no difference in the level of stress in children before and after
using gadgets in terms of autonomic nervous activity. However, there is an increase in sympathetic activity
that occurs in children even though they have finished using gadgets. Such conditions certainly need to get
more attention, especially related to the duration of gadget use. This study did not limit other factors associated
with the use of gadgets, such as the content accessed and the duration of using the gadget in a day, so that
future research can be done by giving these limits to the subject.
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