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3) Social Media Safety Mode: Safety Mode is a modified version of a social 
media app Little Red Book, where users can quickly select a safety mode to 
reduce exposure to negative comments. This test is to get feedback of how 
these interventions reduce the exposure of negative comments without 
curbing user engagement. Effectiveness can be observed by comparing three 
different safety modes on social media platforms:1. tapping on the screen to 
unveil more comments which will be blurred again after 5 seconds (Figure 
47), 2. displaying comments with the most ‘likes,’ 3. backing up comments for 
future investigation (Figure 48).

Product Comfort Testing
1) Finding acupoints and Ease of Wear: Users will be instructed to wear a 3D 
printed model of the product themselves after a simple introduction to its 
functionality. Furthermore, both the product and the mobile application 
should be designed to be forgotten, which means they should be non-
intrusive as possible.
2) Operation Difficulty: Test the operability of adjusting vibration and 
acupuncture intensity buttons, their positioning, and size, based on different 
placements of the GSR detector.

The prototypes were tested using both resin and filament materials. However, 
due to the small size of the earring-type product, the filament material was 
not suitable. Therefore, the final testing model was created using resin 
3D printing. The missing buttons on the detector component were later 
supplemented using clay. Additionally, the cable connecting the electrode 
could not bend properly due to the material limitations of 3D printing. 
Alternatives materials will be used during the user testing phase to address 
this issue.

Figure 47: Safe Mode 1 By Yanzhu Figure 48: Safe Mode 3 By Yanzhu
Figure 49: 3D Printing By Yanzhu
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Arduino User Experience (UX) Testing
1) Personalized Experience: Testing whether the app 
can provide effective vibrational cues for breathing 
based on user needs, facilitating breathing exercises.

To advance this prototype, the Internet of Medical Things 
(IoMT) presents a promising avenue. By leveraging 
Arduino technology, these devices can be made 
programmable and user-oriented, enhancing their 
functionality and accessibility for individuals seeking to 
manage stress and anxiety effectively (Figure50).

Figure 50: This figure shows the Internet of Medical Things (IoMT) 
architecture (Qureshi & Krishnan, 2018).

Firstly, GSR (Galvanic Skin Response) sensor measures 
the skin’s electrical conductivity, and feelings of 
tension and anxiety usually lead to an increase in 
skin conductivity. However, there is no fixed value 
that directly represents anxiety because people’s 
responses in different emotional states can vary, and 
there are significant individual differences. In practical 

applications, determining a suitable baseline value for 
the user’s situation involves a series of experiments 
and observations. For example, measuring GSR 
values over a period of time during a calm state and 
calculating the average value as the baseline. Then, 
when the GSR value exceeds this baseline, it can be 
considered that there may be feelings of tension or 
anxiety.
To ensure the accuracy of GSR readings, Heart 
Rate Variability (HRV) can be used as an auxiliary 
monitoring tool. The following code outputs heart 
rate, blood oxygen saturation, and GSR values to the 
serial monitor (Figure 51).

Figure 51: Arduino, GSR (Galvanic Skin Response) sensor, MAX30100 Pulse Oximeter and 
Heart Rate Sensor, 3 buttons, 2 vibrators
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Next, for the TEAS device, as it requires the involvement 
of a professional team and physical testing related 
to the human body, this thesis does not include user 
testing for this part (Figure 52) . The output circuit 
principles can be referenced in the diagram below 
(Figure 53). The GSR monitoring component, combined 
with HRV, is used to verify the accuracy of GSR. When 
the GSR detector generates significant signal changes, 
it indicates that the user has experienced emotional 
fluctuations, triggering the breathing vibration prompt 
and TEAS function. It’s worth noting that the current 
study does not consider emotional thresholds, so the 
triggering conditions are relatively simple. In practical 
use, it’s important to consider the emotional ranges of 
different users and use effective algorithms to trigger 
TEAS, providing a limited number of TEAS sessions 
when needed to alleviate frequent cyberbullying.

Figure 54: Circuits (Han’s Acupoint Nerve Stimulator Controlled by 
Microcontroller, 2016)

Afterwards, testing three different vibration modes 
for the 4-7-8 breathing exercise, with corresponding 
vibration intensities.

A. Vibration intensities: this test controls the vibration 
intensity using three buttons corresponding to weak, 
medium, and strong modes, which accommodate 
participants’ requirements.

B. Model 1. One vibrator breathing guidance. This test 
gradually decreases the vibration intensity during 
inhalation and exhalation phases and provides a short 
burst of maximum intensity vibration as a reminder 
before and after the breath-hold phase. The loop 
repeats to simulate continuous breathing training.

C. Model 2. Contrast experiment with B. This test 
simulates the breathing cycle by controlling the 
vibration intensity of a vibrator connected to a PWM-
supporting pin. During inhalation, the vibration is set 
to a moderate intensity, simulating slow vibration. 
During exhalation, the vibration is set to a fast intensity, 
simulating fast vibration. Reminders are provided at 
the end of both inhalation and exhalation phases.

D. Model 3. Contrast experiment with C. This test adds 
an extra vibrator connected to a PWM-supporting pin 
to control both inhalation and exhalation vibrations 
separately.

Figure 53: Dual-channel muscle 
electrical stimulation is a 
programmable control electrical 
stimulator with two independent 
channels. The board has a static 
power consumption of 130mA and 
a startup current of 250mA when 
powered on. It can be directly 
powered via a USB interface. 
The board comes with 7 types of 
stimulation waveforms.
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7. USER TESTING

A total of 5 users participated in the user testing, 
including three who had previously completed the 
survey and two new users. The age range of the user 
group was between 22 and 36 years old, with 4 females 
and 1 male. The purpose of this user distribution was 
to test the difficulty of using the product and app and 
to address any user concerns identified during the 
research phase. 

HOO Application That Worked:
1.	 All users felt a sense of privacy and security 

regarding their personal information, especially 
with options for monitoring social media apps, 
allowing users to choose what information to make 
public.

2.	 80% of participants believed that the questionnaire 
in the Settings section could provide better 
customized services.

3.	 The Testimony page enhanced users’ experience 
with the product, combining science-backed 
information to alleviate concerns about product 
safety and efficacy.

4.	 100% of users successfully completed the setup and 
reached the Dashboard page. However, 20% found 
the process complex, and 20% desired a progress 
bar to track completion time.

5.	 All users were easily able to adjust parameters on 
the Dashboard page.

6.	 The Community Embrace feature provided 
emotional value while minimizing disruption to 
users’ normal lives.

Social Media App That Worked:
7.	 80% of users supported prioritizing comments with 

more likes, as they believed that a higher number 
of likes did not necessarily indicate majority 
support but rather provided users with supportive 
information through related replies and debates.

Wearable Product That Worked:
8.	 100% of participants could understand the location 

of the acupoint through text and animated images.
9.	 After wearing the device, users forgot about its 

presence, achieving non-intrusiveness.

Arduino That Worked:
10.	 100% of users could select suitable vibration 

intensity for breathing training. Among them, 80% 
chose Moderate, and 20% chose Gentle.

11.	 100% of users were satisfied with the mode 3  
vibration, which allowed them to switch between 
breathing actions and find their breathing rhythm 
based on different vibration frequencies.

12.	 40% of users felt that this vibration also had a 
soothing effect, even without doing breathing 
exercises, providing some relief from anxiety.

HOO Application That Needs Improvement:
13.	 The questionnaire page could be redesigned 

to reduce the number of pages and improve 
completion efficiency.

14.	 Testimony could include data visualization to 
enhance product credibility.

15.	 The AR try-on feature could include a photo-taking 
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function for users to see how the product looks 
from different angles.

16.	 Hoo Journey: This feature aims to alleviate users’ 
emotional burdens when tracking mood history 
over time. However, the data visualization within 
this feature may require a higher level of cognitive 
ability to understand fully. 

17.	 HOO Assistance: This feature refers to the anti-
cyberbully assistance provided by outsourced 
organizations. 80% participants had difficulty 
finding buttons or accessing assistance promptly, it 
suggests a usability issue that needs improvement. 

Social Media App That Needs Improvement:
18.	 50% of users found that clicking to view blurred 

comments in safe mode could protect them from 
the harm caused by malicious comments due 
to overexposure. However, 50% believed that 
although comments became blurred again after 
being viewed, it seemed to reduce the exposure 
rate of negative comments, but this apparent 
cover-up might increase curiosity and encourage 
users to click on every comment.

19.	 The comment monitoring feature restricted users 
who wanted to express radical opinions and 
those worried about being involved in disputes, 
impacting both the business model and user open 
communication.

Wearable Product That Needs Improvement:
20.	 20% of users were unable to correctly wear the 

product as instructed, and 80% needed a mirror to 

assist with the operation.
21.	 The earrings style of wearing is more concise but requires 

different sizes.
22.	 The button positions on the product need adjustment.

Arduino That Needs Improvement:
23.	 The 4-7-8 breathing technique proved challenging for 

the research participants, as prolonged breath-holding 
exacerbated emotional fluctuations. Consequently, the 
final chosen method for breathing exercise was the 4-4-4 
pattern. Therefore, it is imperative to offer a shorter learning 
path to facilitate users in enhancing breathing skills.
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Figure 55: User testing: Place one hand’s fingers on the MAX30100 
Pulse Oximeter while wearing the GSR sensor on the other hand. The 
monitor will display the physical data of the tester. Vibrators, which 
function as breathing guidances are positioned behind the tester’s 
ears to simulate the placement of the wearable device.
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Figure 56: Rendering By Yanzhu

Figure 57: Renderings: Models from https://
www.behance.net/gallery/113252865/Sarah-O
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Figure 58: High Fidelity Interface Design By Yanzhu Prototype Link
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CONCLUSION AND DISCUSSION

The testing results revealed several strengths of the HOO system, 
including its non-intrusive design, personalized mitigation strategies, 
and intuitive userflow. However, certain limitations were encountered that 
necessitate further research.

One notable limitation is the inability to fully test the effectiveness of the 
TEAS (Transcutaneous Electrical Acupoint Stimulation) component due to 
constraints in obtaining necessary components and expertise. As TEAS is a 
critical feature of the HOO system in providing passive mitigation, its efficacy 
in real-world scenarios remains uncertain and requires further investigation.

Furthermore, while the study has provided valuable insights into user 
perceptions and experiences with the HOO system, there is still much to 
learn about its long-term effectiveness and usability in real-world settings. 
Longitudinal studies and larger-scale trials would be beneficial in assessing 
the sustained impact of the HOO system over time and across diverse user 
populations.

CONCLUSION
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Cyberbullying presents a complex and multifaceted 
challenge that cannot be fully addressed by any single 
solution. While the HOO wearable device and mobile 
application represent an innovative approach to 
mitigating the psychological effects of cyberbullying, it 
is essential to acknowledge that no design is perfect or 
comprehensive enough to solve such a wicked problem 
alone. Instead, a collaborative effort involving multiple 
stakeholders, including governmental agencies, 
educational institutions, mental health organizations, 
and technology companies, is needed to address the 
root causes of cyberbullying and implement effective 
prevention and intervention strategies.

While user testing provides valuable insights into 
user experiences and perceptions, it is essential to 
complement traditional methods with more advanced 
technologies to obtain a deeper understanding of user 
responses and behaviors. For instance, incorporating 
neuroimaging techniques such as functional magnetic 
resonance imaging (fMRI) can offer objective 
measurements of brain activity and emotional 
responses, providing researchers with a more nuanced 
understanding of how individuals interact with the 
HOO system at a neurological level.

DISCUSSION Given the complexity of addressing cyberbullying 
and promoting mental well-being, interdisciplinary 
collaboration is paramount in designing effective 
solutions. By bringing together experts from 
diverse fields such as computer science, psychology, 
neuroscience, public health, and design, we can 
leverage a wide range of perspectives, methodologies, 
and approaches to tackle the multifaceted aspects of 
the problem.
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APPENDIX
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#include <Wire.h>
#include “MAX30100_PulseOximeter.h”

#define REPORTING_PERIOD_MS     1000

const int GSRPin = A0; // GSR sensor connected to analog pin A0

// Create a PulseOximeter object
PulseOximeter pox;

// Last time stamp when a beat was detected
uint32_t tsLastReport = 0;

// Callback function executed when a heartbeat is detected
void onBeatDetected() {
    Serial.println(“Heart Beat!”);
}

void setup() {
    Serial.begin(9600);

    Serial.print(“Initializing pulse oximeter..”);

    // Initialize the heart rate sensor
    if (!pox.begin()) {
        Serial.println(“FAILED”);
        for(;;);
    } else {
        Serial.println(“SUCCESS”);
    }

    // Configure the sensor to use 7.6mA LED drive current
    pox.setIRLedCurrent(MAX30100_LED_CURR_7_6MA);

    // Register the heartbeat detection callback function
    pox.setOnBeatDetectedCallback(onBeatDetected);

    pinMode(GSRPin, INPUT); // Set GSR pin to input mode
}

void loop() {
    // Read data from the heart rate sensor
    pox.update();

    // Read data from the GSR sensor
    int gsrValue = analogRead(GSRPin);

    // Check if it’s time to report heart rate and GSR data
    if (millis() - tsLastReport > REPORTING_PERIOD_MS) {
        // Output heart rate and blood oxygen saturation
        Serial.print(“Heart rate:”);
        Serial.print(pox.getHeartRate());
        Serial.print(“bpm / SpO2:”);
        Serial.print(pox.getSpO2());
        Serial.print(“% / GSR Value:”);
        Serial.println(gsrValue);

        tsLastReport = millis(); // Update the last reporting timestamp
    }
}

GSR CODINGGSR CODING
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const int vibratorPin = 9; // PWM-supporting pin connected to the vibrator

const int buttonWeakPin = 2;   // Weak mode button
const int buttonMediumPin = 3; // Medium mode button
const int buttonStrongPin = 4; // Strong mode button

void setup() {
  Serial.begin(9600); // Start serial communication for debugging
  pinMode(vibratorPin, OUTPUT);
  
  pinMode(buttonWeakPin, INPUT_PULLUP);
  pinMode(buttonMediumPin, INPUT_PULLUP);
  pinMode(buttonStrongPin, INPUT_PULLUP);
}

void loop() {
  if (digitalRead(buttonWeakPin) == LOW) {
    Serial.println(“Weak vibration mode selected”);
    analogWrite(vibratorPin, 85); // Weak mode (approximately 33% intensity)
    delay(1000); // Demonstration vibration for 1 second
  } 
else if (digitalRead(buttonMediumPin) == LOW) {
    Serial.println(“Medium vibration mode selected”);
    analogWrite(vibratorPin, 170); // Medium mode (approximately 67% intensity)
    delay(1000); // Demonstration vibration for 1 second
  } 
else if (digitalRead(buttonStrongPin) == LOW) {
    Serial.println(“Strong vibration mode selected”);
    analogWrite(vibratorPin, 255); // Strong mode (100% intensity)
    delay(1000); // Demonstration vibration for 1 second
  }
  

  // Stop vibration and wait for the next button press
  analogWrite(vibratorPin, 0);
  delay(100); // Simple debounce and feedback delay
}

VIBRATOR INTENSITY CODINGVIBRATOR INTENSITY CODING
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const int vibratorPin = 9; // PWM-supporting pin connected to the vibrator
const int inhaleTime = 4000; // Inhalation time (milliseconds)
const int exhaleTime = 4000; // Exhalation time (milliseconds)
const int holdTime = 8000; // Breath-hold time (milliseconds)
const int pulseTime = 200; // Reminder vibration time (milliseconds)

void setup() {
  pinMode(vibratorPin, OUTPUT);
}

void loop() {
  // Inhalation: Gradually decrease vibration intensity
  for (int i = 255; i >= 0; i -= 5) {
    analogWrite(vibratorPin, i);
    delay(inhaleTime / 51); // Adjust delay to match total inhalation time based 
on step size
  }
  
  // Inhalation ends, prepare for breath-hold: One short burst of maximum 
intensity vibration as a reminder
  analogWrite(vibratorPin, 255);
  delay(pulseTime);
  analogWrite(vibratorPin, 0); // Enter breath-hold phase, vibrator stops
  delay(holdTime); // Maintain breath-hold
  
  // Exhalation: Gradually decrease vibration intensity
  for (int i = 255; i >= 0; i -= 5) {
    analogWrite(vibratorPin, i);
    delay(exhaleTime / 51); // Adjust delay to match total exhalation time based 
on step size
  }
 

 // Exhalation ends, prepare for the next breath-hold before inhalation: One 
short burst of maximum intensity vibration as a reminder
  analogWrite(vibratorPin, 255);
  delay(pulseTime);
  analogWrite(vibratorPin, 0); // Enter next breath-hold phase, vibrator stops
  delay(holdTime); // Maintain breath-hold
  
  // This loop will repeat to simulate continuous breathing training
}

VIBRATOR MODE 1 CODINGVIBRATOR MODE 1 CODING
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const int VibratorPin = 9;  // PWM-supporting pin connected to the vibrator

const int inhaleTime = 4000; // Inhalation time (milliseconds)
const int exhaleTime = 4000; // Exhalation time (milliseconds)
const int holdTime = 2000;  // Breath-hold time (milliseconds)

const int pulseTime = 200;  // Reminder vibration time (milliseconds)

void setup() {
  pinMode(VibratorPin, OUTPUT);
}

void loop() {
  // Inhalation: Slow vibration
  analogWrite(VibratorPin, 128); // Moderate intensity vibration
  delay(inhaleTime - pulseTime); // Inhalation time minus reminder time
  analogWrite(VibratorPin, 0); // Stop vibration
  
  // Inhalation reminder
  analogWrite(VibratorPin, 255); // Maximum intensity vibration reminder
  delay(pulseTime);
  analogWrite(VibratorPin, 0); // Stop vibration
  delay(holdTime); // Breath-hold phase

  // Exhalation: Fast vibration
  for (int i = 0; i < exhaleTime / pulseTime; i++) {
    analogWrite(VibratorPin, 128); // Moderate intensity vibration
    delay(pulseTime / 2); // Short vibration time
    analogWrite(VibratorPin, 0); // Stop vibration
    delay(pulseTime / 2); // Short pause to increase frequency
  }
  

  // Exhalation reminder
  analogWrite(VibratorPin, 255); // Maximum intensity vibration reminder
  delay(pulseTime);
  analogWrite(VibratorPin, 0); // Stop vibration
  delay(holdTime); // Breath-hold phase

  // Repeat the loop to simulate continuous breathing training
}

VIBRATOR MODE 2 CODINGVIBRATOR MODE 2 CODING
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const int inhaleVibratorPin = 9;  // PWM-supporting pin connected to the 
inhalation vibrator
const int exhaleVibratorPin = 10; // PWM-supporting pin connected to the 
exhalation vibrator

const int inhaleTime = 4000; // Inhalation time (milliseconds)
const int exhaleTime = 4000; // Exhalation time (milliseconds)
const int holdTime = 2000;  // Breath-hold time (milliseconds)

const int pulseTime = 200;  // Reminder vibration time (milliseconds)

void setup() {
  pinMode(inhaleVibratorPin, OUTPUT);
  pinMode(exhaleVibratorPin, OUTPUT);
}

void loop() {
  // Inhalation: Slow vibration
  analogWrite(inhaleVibratorPin, 128); // Moderate intensity vibration
  delay(inhaleTime - pulseTime); // Inhalation time minus reminder time
  analogWrite(inhaleVibratorPin, 0); // Stop inhalation vibration
  
  // Inhalation reminder
  analogWrite(inhaleVibratorPin, 255); // Maximum intensity vibration reminder
  delay(pulseTime);
  analogWrite(inhaleVibratorPin, 0); // Stop vibration
  delay(holdTime); // Breath-hold phase

  // Exhalation: Fast vibration
  for (int i = 0; i < exhaleTime / pulseTime; i++) {
    analogWrite(exhaleVibratorPin, 128); // Moderate intensity vibration

    delay(pulseTime / 2); // Short vibration time
    analogWrite(exhaleVibratorPin, 0); // Stop vibration
    delay(pulseTime / 2); // Short pause to increase frequency
  }
  
  // Exhalation reminder
  analogWrite(exhaleVibratorPin, 255); // Maximum intensity vibration 
reminder
  delay(pulseTime);
  analogWrite(exhaleVibratorPin, 0); // Stop vibration
  delay(holdTime); // Breath-hold phase

  // Repeat the loop to simulate continuous breathing training
}

VIBRATOR MODE 3 CODINGVIBRATOR MODE 3 CODING
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