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ABSTRACT

Malaysia has recently been rocked by the news on the 1708 suicide cases from
January 2019 to May 202 1. The ongoing neglect of adolescents’ mental health is taking
its toll as 51% of the total suicide cases are made up of teenagers between 15 to 18
years old. It is also reported that young people especially university students are
affected by Covid-19 prolonged lockdown had the tendency of experiencing mental
exhaustion. Notable causes for mental health problems are improper stress
management and the lack of psychological resilience. Previously, stress and resilience
levels were evaluated using questionnaires. Although questionnaires provide a fair
result, there are arguments about their validity due to the existence of bias. The
invention of multiple Heart Rate Variability (HRV) devices has made it possible to
nullify the bias effect but it is under utilised. Therefore, this study proposed to
investigate the effect of HRV through a slow breathing technique. The goal of this
study is to improve stress and psychological resilience levels among university
students. The methodology involves two stages of data collection: two questionnaires
namely Depression, Anxiety, and Stress Scale-21 Items (DASS-21) and Brief
Resilience Scale (BRS) were distributed to 240 engineering students; two experiments
involving 70 students were conducted to examine the stress and resilience levels. The
students were picked as the subjects for each experiment according to their scores
obtained from the two questionnaires. The changes of the subjects’ heart rhythm
pattern and coherence scores, before and after the intervention were observed using
the HeartMath EmWave device. The analysis demonstrated that the proposed HRV
using a slow breathing technique as an intervention had contributed a positive impact
in managing stress and improving psychological resilience. After implementing the
intervention, the total average coherence score increased significantly by 74.3% for
Experiment 1 and 52% for Experiment 2. The findings from HeartMath emWave were
further analysed using Kubios HRV software. The analyses from the software showed
that human nervous system can be manipulated by a suitable intervention. The mean
Stress Index, which is heavily linked to Sympathetic Nervous System activities,
managed to reduce by 65% and 56.2% with respect to Experiment 1 and Experiment
2. The results from both experiments also provided fruitful insight into the relationship
between HRV, stress, and resilience quantification. This study shows that HRV
devices and variables are effective in managing stress and improving resilience.



ABSTRAK

Malaysia baru-baru ini telah digemparkan dengan berita mengenai 1708 kes
bunuh diri dari Januari 2019 hingga Mei 2021. Pengabaian berterusan terhadap
kesihatan mental remaja memberi kesan yang buruk dimana 51% daripada jumlah kes
bunuh diri terdiri daripada kanak-kanak berumur antara 15 hingga 18 tahun. la juga
dilaporkan bahawa golongan muda terutamanya pelajar universiti yang terjejas oleh
penyekatan berpanjangan COVID-19 mempunyai kecenderungan untuk mengalami
keletihan mental. Penyebab utama masalah kesihatan mental ialah pengurusan tekanan
yang tidak terurus dan kekurangan daya ketahanan psikologi. Sebelum ini, tahap
tekanan dan daya ketahanan dinilai menggunakan soal selidik. Walaupun soal selidik
memberikan hasil yang memuaskan, namun terdapat pertikaian tentang kesahihannya
kerana wujudnya kecenderungan. Penciptaan pelbagai peranti Kebolehubahan Kadar
Jantung (HRV) telah memungkinkan untuk membatalkan kesan kecenderungan tetapi
ia kurang digunakan. Oleh itu, kajian ini mencadangkan untuk menyelidik kesan HRV
melalui teknik pernafasan perlahan. Matlamat kajian ini adalah untuk memperbaiki
tahap tekanan dan daya ketahanan psikologi dalam kalangan pelajar universiti.
Metodologi melibatkan dua peringkat pengumpulan data: dua soal selidik iaitu Item
Depresi, Kecemasan, dan Skala Tekanan-21 (DASS-21) dan Skala Ketahanan Ringkas
(BRS) telah diedarkan kepada 240 pelajar kejuruteraan; dua eksperimen yang
melibatkan 70 orang pelajar telah dijalankan untuk mengkaji tahap tekanan dan daya
ketahanan. Pelajar-pelajar tersebut dipilih sebagai subjek bagi setiap satu eksperimen
mengikut markah yang diperoleh daripada dua soal selidik. Perubahan corak irama
jantung dan skor koheren subjek, sebelum dan selepas intervensi diperhatikan
menggunakan peranti HeartMath emWave. Analisis menunjukkan bahawa HRV yang
dicadangkan menggunakan teknik pernafasan perlahan sebagai intervensi telah
menyumbangkan impak yang positif dalam menguruskan tekanan dan meningkatkan
daya ketahanan psikologi. Selepas melaksanakan intervensi, jumlah purata skor
koheren meningkat dengan ketara sebanyak 74.3% untuk Eksperimen 1 dan 52% untuk
Eksperimen 2. Penemuan daripada HeartMath emWave telah dianalisis dengan lebih
lanjut menggunakan perisian Kubios HRV. Analisis-analisis daripada perisian tersebut
menunjukkan bahawan sistem saraf manusia boleh dimanipulasi menggunakan
intervensi yang sesuai. Purata Indeks Tekanan, yang berkait rapat dengan aktiviti
Sistem Saraf Simpatetik, berjaya dikurangkan sebanyak 65% dan 56.2% untuk
Eksperimen 1 dan Eksperimen 2. Hasil daripada kedua-dua eksperimen juga
memberikan gambaran yang bermanfaat tentang hubungan antara HRV, tekanan, dan
kuantifikasi daya ketahanan. Kajian ini menunjukkan bahawa peranti dan
pembolehubah HRV berkesan dalam menguruskan tekanan dan meningkatkan daya
ketahanan.
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CHAPTER 1

INTRODUCTION

1.1  Background Research

Malaysian now sees an alarming increase in the rate of suicide. Figure 1.1
shows the suicide cases recorded for the past 3 years in Malaysia. Royal Malaysia
Police (PDRM) has reported that there was a total of 872 young people who committed
suicide from January 2019 to May 2021 [1]. In that period, 51% of the total 1708
suicided cases were made up of teenagers between the age of 15 to 18 [2]. The current
COVID-19 pandemic and lockdown have had negative effects on the mental health of
many Malaysians, including the youth. Mental health issues have long been identified
as a neglected part of well-being wellness. This could potentially become a very
serious issue if it is not being dealt with quickly. Previously, around the year 2017,
National Health and Morbidity Survey have declared that 1 out of 10 teenagers is in a

stress state, 2 out of 5 teenagers are anxious, and 1 out of 5 teenagers is depressed [3].

Suicide Cases in Malaysia
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Figure 1.1 Suicide cases recorded for the past 3 years [1]



Moreover, in 2019, the National Health and Morbidity Survey has found that
2.3% of Malaysian adults, which is about half a million people are depressed [4]. This
is a warning shot for all Malaysians to do more for our mental health and give the
attention it needs. Heart rate variability or most commonly known as HRV is a kind of
measurement that indicates the variation of heartbeats within a specific timeframe.
HRV has been deemed to be useful in anticipating morbidities from mental and
physical diseases such as depression, anxiety, fatigue, and chronic pain. It is designed
to reduce autonomic reactivity and regulate homeostatic physiologic mechanisms [5].
Previous researches have shown that emotional intelligence contributes significantly
to variations of heart rate. It involves deep rhythmic breathing, as the intervention
allows the participant to inhale until their heart rate rise, and exhale as their heart rate
begins to fall again [6] Higher HRV is commonly associated with greater emotional
well-being. Heart rate variability measures beat-to-beat heart rate variability, which is
an important physiologic index of stress and the body’s regulatory capacity and

adaptability.

Physical and mental tensions are usually caused by any kind of demand or
threat. Due to this, stress will be generated as one of the ways the body reacts to
changes and adjustments. Stress can be both positive and negative depending on the
situation [7]. It is considered positive when it helps us to stay focused and aware of the
surroundings thus, enhancing one’s ability to perform better. However, it becomes
negative when stress starts to disrupt most of the systems in the body making it
vulnerable to much bigger problems such as anxiety and depression. Stress is an
inevitable aspect of modern life. Failing to overcome stress could lead to mental
illness. For this reason, the ability to manage stress is essential to build inner strength
and resilience, which prepares an individual for greater challenges in the future [8]. At
the moment, COVID-19 travel restrictions prevent everyone from carrying out their
typical stress-relieving activities such as traveling and socializing with friends. Self-
care has been identified as an effective way for stress-relief therapy. The reason for
this is because it is considered flexible particularly during the current lockdown. After
all, it can be done anytime, anywhere, and does not cost anything. From a physical
health perspective, self-care intervention has been medically proven to increase self-



awareness as shown in Figure 1.2. By doing so, emotional intelligence can be
improved as self-awareness is the root of positivity and success.

Figure 1.2 Difference in proper stress management [9]

Resilience is a process and can act as a measurement to measure how to cope well
and bounce back from certain difficulties in life [10]. When faced with these kinds of
situations, one either keeps one’s composure and handles the pressure well or breaks
down and loses control. Having higher resiliency means that having the ability to deal
with the pressure efficiently and to manage to think rationally and positively. Some
people seem to have this ability naturally while others need to control and improve it.
With the help of advancing engineering technologies, HRV can be used to analyse self-
regulation and transformation through heart coherence practice as an intervention,
transforming the emotional state from negative to positive. Hence, this analysis may act
as an important assistive tool for the measurements of stress and resilience levels to

achieve the desired well-being outcome.

1.2 Problem Statement

Having good physical health is not the sole contributor to optimal human well-
being. It is proved by many studies that, to form human wellness, the three aspects of

physical, emotional, and mental wellness need to be considered [11]. For day-to-day



undertakings, humans have to be physically and psychologically positive. The ability
to withstand all the pressure and hold composure is referred to as resilience and the
people who can do so are known as resilient. Psychologists are taking mental health
problems as a very serious issue and in previous studies, psychometric questionnaires
have so far been the only measurement for quantifying the level of resilience and stress
through various scientific research and experiments. One problem that occurred when
using this method is that the questionnaire results are doubtful because stress and
resilience are subjective from one to another. It can be misleading due to the existence
of bias. Participants might be choosing the answer that is not accurately representing
what they are feeling. This type of practice may not disclose a person's personality
when they are under stress. Hence, the results are most likely partially valid and do not

thoroughly reflect the resilience and stress level.

The next problem that needs to be solved is that the number of studies that used
a clearly defined standard to address the psychometric properties of resilience
measurements is limited. HRV has been used in multiple areas and treats diseases such
as Posttraumatic stress disorder (PTSD), sport and physical activities, fiboromyalgia,
hypobaria, hemorrhage, kidney failure, mental stress, and cardiovascular disease.
There is a huge potential of applying HRV as the index of psychological resilience,
but there is a little attempt on doing so. Emotional reactions and psychological
experimentation are getting more attention among researchers, especially during the
current COVID-19 pandemic. Many believe that improving resilience is one of the
solutions to deal with chronic stress because stress and resilience are quite affiliated to
each other. With the advent of electronic systems engineering, primed heart rate
biomarkers have been recently introduced as the tool to quantify resilience and stress.
Even though many HRV devices are used to promote self-intervention for resilience
enhancement, the public is unable to utilise them and becomes unaware of their
emotional health. Thus, self-therapeutic care is not popular despite its medically
proven benefits, and the studies that relate the HRV relationship with resilience and
stress are still lacking. Therefore, stress and resilience quantification are necessary to
demonstrate that human emotion regulation can be influenced and impacted by
heartbeat variations. These results are right on track as it proves that to achieve human
wellness, HRV, which controls the human Autonomic Nervous System (ANS) can be

trained by using the right intervention.



1.3

14

1.5

Research Questions

The research questions are:

How HRV can be used to nullify bias?
What is the relationship between heart rate variability, resilience, and stress?
How does the slow breathing technique affect the Autonomic Nervous System

in reducing stress and enhancing resilience?

Research Hypothesis

The hypothesis formed for this research are:

There is a significant improvement in the subjects’ level of stress and resilience
after implementing the slow breathing technique.

There is a substantial relationship between heart rate variability, stress, and
resilience in reducing stress.

There is significant progress on the ability to manipulate Autonomic Nervous
System (ANS) after implementing the slow breathing technique.

Research Objectives

The main aim of this project is to examine the effect of Heart Rate Variability

(HRV) analysis and intervention on stress and resilience quantification. To show the

relationship between resilience and the subjects’ level of stress with the role of heart

rate variability and intervention, these are the research aims and objectives for this

proposal:



I.  To evaluate the level of resilience and type of stressors (depression, anxiety,
and stress) among engineering students using two sets of questionnaires and
HRYV devices.

ii.  To analyse the changes of the subjects’ heart rhythm and coherence score and
compare the results with control groups by using the HeartMath emWave
device.

iii.  Tovalidate the impact of slow breathing technique in manipulating Autonomic
Nervous System (ANS) for the improvement in stress and resilience level by

using Kubios HRV software.

1.6 Research Scope

This research focuses on methods for reducing stress and improving resilience
among engineering students from the Malaysia-Japan International Institute of
Technology (MJIIT). This research also concentrates on the changes for short-term
HRV measurements. Universiti Teknologi Malaysia Kuala Lumpur. This study utilises
two questionnaires to measure the students’ stress and resilience level which are
known as Brief Resilience Scale (BRS) and Depression, Anxiety, and Stress Scale-21
Items (DASS-21). The students consist of first until fourth-year students aged between
20 to 25 years old. The data for stress and resilience level were collected from a total
of 240 students. Since the objective is to observe the improvement in stress and
resilience level, low resilience and high stress score subjects were focused on. Students
with high resilience and low stress score were selected as the subjects for the control
group while students who obtained low resilience and high stress score were picked as
the subjects for treatment group. The spatial test was used as a stimulus and a slow
breathing technique (6 breaths per minute) was used as the biofeedback intervention.
HeartMath emWave device was used to observe the changes in heart rhythm and
coherence of the subjects during the whole phases of the experiment. The in-depth data
analysis was run using the Kubios HRV software. By limiting to this research scope,
the efficacy of heart rate variability on improving stress and resilience level can be

distinguished through the slow breathing technique.



1.7 Research Methodology

First of all, this research started with the literature review stage. For the
literature review, the fundamental main topics within the research scope were inquired
such as HRYV, stress, and resilience. This process was done repeatedly to ensure the

validity of the knowledge and improve its understanding.

Currently, a questionnaire that combines both stress and resilience scale is
unavailable. Thus, two questionnaires called the BRS and DASS-21 were used to
evaluate the stress and resilience level of 240 MJIIT engineering students. Based on
the scores obtained from both of the questionnaires, 70 students were chosen as the
subjects. The students were divided into two groups: the control and treatment groups.
Out of the 70 students, 60 students with low resilience and high stress scores were
classified as the treatment group while the other 10 students with high resilience and
low stress scores were categorised as the control group. At the end of the experiment,
the results for the treatment group were compared to the control group, so that the
effectiveness of the slow breathing technique in improving the subjects’ stress and

resilience level can be observed.

Two experiments were conducted to compare the difference between low
resilient subjects and subjects with high stress scores. Moreover, these experiments
observe the changes of the subjects’ heart rhythm pattern and coherence score using
the HeartMath emWave device across three phases of the experiment: baseline,
stimulus, and intervention phase. The baseline phase was run to justify the
questionnaire results of both the control and treatment groups for both experiments
from bias effect. The stimulus phase was solely carried out in Experiment 1 to trigger
the subjects’ stress using the spatial test. It is also to monitor how the subjects adapt
through the stimulus. Contrary to Experiment 1, Experiment 2 had no stimulus phase
because the subject’s stress level was already identified by the DASS-21 questionnaire.
For the baseline phase, an intervention was given to help the subjects to become calm
and relaxed. The data collected from this phase was used as a comparison with the
baseline data of the control group. This comparison was made to observe the

significance of using the slow breathing technique in reducing stress and improving



resilience. It is also to make sure that the results of the treatment group were
satisfactory and adequate.

After that, the heart rhythm pattern and coherence score data were transferred
to Kubios HRV software for a more comprehensive data analysis. The data from the
HeartMath emWave device need to be converted from a JSON file into an XSL file so
that the interbeat interval (IBI) for each subject can be gathered. There are a few
analyses in the Kubios HRV software that can be used to explore the relationship
between the manipulation of the nervous system and the improvement in stress and
resilience levels. Some of the analyses are ANS index, time-domain analysis, and
frequency-domain analysis. The ANS index demonstrates the activation of PNS and
SNS activities throughout the experiment. The time- and frequency-domain analyses
present the changes of the HRV over some time and display how much of the signal
exists within the range of frequencies a given. As mentioned earlier, the results of 10
subjects were analysed and compared to observe the changes of HRV parameters

before and after implementing the slow breathing technique.

Finally, the effectiveness of the slow breathing technique in manipulating the
ANS in improving the stress and resilience scores were validated using the data
obtained from previous studies that are related to this study. This is to ensure that the
results are in the range of the HRV normalised parameters. Figure 1.3 portrayed the
overall methodology that was done in this study, as explained in the statement above.
The research was conducted according to the flow chart to achieve the objectives of
this study.
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1.8 Research Contribution

This study provides a significant amount of knowledge that can be used for
stress and resilience studies. These are some of the potential contributions of this study.
The first one is eliminating the bias effect obtained when answering questionnaires.
Questionnaire has always been the only method to quantify stress and resilience. The
values are needed for monitoring daily mental health conditions, but it is misleading
because of bias. Therefore, the addition of HeartMath emWave device is required to
justify the questionnaires result and nullify the bias effect. The result from this research
shows that resilience and stress can be quantified using HRV through visual graph of
the heart rhythm pattern and heart coherence score in real-time, thus making it possible

to quantify the level of resilience and stress on regular basis.

The other contribution is promoting self-care by using a flexible and low-cost
intervention to reduce stress. As people are adjusting to the COVID-19 pandemic, most
of their daily activities are hampered because of the lockdown restrictions.
Interventions such as breathing breaks and slow breathing techniques will encourage
people to apply it as a self-care method because it is simple to train and easy to do.
Moreover, it is accessible to everyone as it can be done anywhere and anytime.
Therefore, choosing the right intervention is important because it helps them become

calmer and relaxed hence, improving their quality of life.

So far, the number of researches using Kubios HRV software is very few. This
excellent software provides accurate and detailed HRV analysis for short- and long-
term measurements and all kinds of study proprieties. Plus, this software can also be
used for assessing stress and recovery. For that reason, the results of this research can
contribute for further research using Kubios software. One notable analysis that is
worth mentioning is the Autonomic Nervous System index. This analysis provides the
interpretation of both the Parasympathetic and Sympathetic Nervous System branches
in any situations. As a consequence, it will become easier to monitor the nervous
system as it plays a huge role in guiding the daily activities and most of the aspects of

the human’s health.
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19 Thesis Outline

This thesis consists of 5 chapters. Chapter 1 is the introduction of this research.
It includes the background of the study, the problem statement, research objectives,
and also the research scope. The significance of this study and the organization of this
thesis are also given.

Chapter 2 provides the key findings of specific topics such as HRV, resilience,
and stress. There is also some critical review of previous studies about HRV analysis
that are related to these topics.

Chapter 3 explains the methodology and research design in this study. It
describes the subject’s selection, experiment procedure, data collection, software,
hardware, and data analysis.

Chapter 4 demonstrates the results of the experiment based on the methodology
stated in Chapter 3. The results are analysed and discussed thoroughly to provide
insight into this study.

Chapter 5 presents the conclusion of this research. It summarises the whole
study and presents some suggestions that can be implemented for future application

and research.
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