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Abstract 
 

Discipline refers to self-control and individual behaviour. Other than that, discipline is an important element in the formation of integrity 

level. The objective of the study is to assess the effects of using the Stroop test of biofeedback protocol in order to evaluate individual 

level of discipline. A clinical study has been conducted on 50 participants which is the participants is a undergraduate student from Uni-

versiti Malaysia Pahang, who were divided into two groups. First group is students get high achiever and second group is students get 

low achierver in academic. The Heart Rate Variability (HRV) technique has been used in the assessment of this protocol. The findings 

show that there was a positive relationship between the Stroop test and the students discipline that those who excelled managed to get 

higher score of LF spectrum as compared to HF and VLF, while the students with lower achievement showed higher score of VLF and 

HF spectrum than LF. In conclusion, this test is one of the tests that can be used in increasing the level of individual discipline. 
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1. Background 

According to Foucault (1), discipline is a form of control and get-

ting used to certain desired practices. As stated by Cawood (2), in 

general, psychology plays an important role in influencing the 

formation of discipline and will affect individual achievement. In 

explaining the relationship between discipline and psychology, the 

structures and organ systems of the human body play an indirect 

role (3). 

Autonomic nervous system ANS is divided into two parts, namely 

the sympathetic nervous system (SNS) and parasympathetic nerv-

ous system (PNS) (4). According to Ellenby et al. (5), SNS plays 

the role of fight or flight in the nervous system while PNS func-

tions to control and calm down. The balance between SNS and 

PNS is referred to as homeostasis. This balance will regulate the 

formation of individual behaviour in solving the conflict within 

themselves.  

According to Akselrod et. al. (6) the activation of SNS and PNS 

will have an impact on whether the human body is stressed out or 

relaxed. The balance between ANS subsystems is important in 

maintaining homeostasis and thus more positive action can be 

taken. Heart Rate Variability (HRV) is a cardiovascular signal 

generated through blood pressure (BP) in the human body system. 

According to McCraty et. Al. (7) and Wijsman et al. (8), by means 

of HRV, the level of mental health and ANS can be assessed 

through the score values of HRV spectrum. The HRV spectrum 

score is a measure of the change in heart rate caused by physiolog-

ical phenomenon. There are three power spectrum adopted; the 

VLF (0-0.94Hz), HF (0.15-0.4Hz) and LF (0.04-0.15Hz) (9). As 

stated by Kamath & Fallen (10), the frequency produced reflects 

the SNS and PNS activities which are involved in ANS. 

The HF power spectrum is associated with PNS that involves res-

piratory sinus arrhythmia (RSA) which is an increase of HR dur-

ing inspiration and decrease of HR during expiration. The LF 

power spectrum is a combination of SNS and PNS modulations, 

while VLF power spectrum represents the vasomotor system. The 

score of HRV spectrum will increase the score of HF and VLF 

spectrums in a stressed individual while when the individual is in 

a state of rest emotionally or physically, the score of LF spectrum 

will increase (11). The results of a study carried out by Akselrod 

et. al. (6) find that when an individual is in a high level of stress 

and out of control emotions, ANS will react in which SNS is acti-

vated. This is due to the increase in BP and muscles and then a 

change in the score of HRV spectrum takes place. 

In assessing the relationship between discipline and a group of 

students who achieved high or low academic achievement, stroop 

test has been used. The findings of a study conducted by Lohr (12)  

show that the Stroop test is a method that can be used in the diag-

nosis of depression levels in an individual compared to the normal 

controlled one. These findings are supported by a study conducted 

by Imbrosciono and Berlach (13), which states that the Stroop test 

is a strong predictive tool in assessing the levels of individual 

performance and behaviour. Therefore, this study will emphasize 

on the effects of the Stroop test on the formation of students disci-

pline by using HRV method.  
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2. Methodology 

The research methodology discussed in this study includes the 

participants, apparatus, procedure and data analysis. The objective 

of the study is to evaluate the effects of Stroop test on the for-

mation of the students discipline by using the HRV method. The 

main biofeedback equipment being used in the experiment was 

Biograph Infinity Software in order to detect their emotions 

through their heart rate rhythm. 

2.1. Participants 

To achieve the objectives of the study, 50 participants had been 

selected through systematic random method that involved students 

from Universiti Malaysia Pahang and Universiti Tun Hussien Onn 

Malaysia. The study participants were divided into two groups; a 

group of those who obtained excellent CGPA (3.49 - 4.00) and a 

group of those who received passing status (2.00 - 2.49).  

2.2. Apparatus  

In order to achieve the purpose of the study, the main instruments 

used were Pro Comp 2 and BVP sensor. These instruments are 

developed by Thought Technology Ltd. (Figure  1 and 2). Pro 

Comp 2 is a system that has been existed in conducting study 

about biofeedback. With the aid of this instrument, human physio-

logical unit can be measured consisting of EMG, GSR, HRV and 

Resp. The data obtained from this method will be recorded in the 

Multimedia Biofeedback Biograph Infiniti Software (Figure  3), 

and then will be analysed. In addition, the BVP sensor will act to 

detect heartbeats based on photopletysmography principle which 

involves measuring the amount of infrared light absorbed by blood 

and in turn will cause changes to the cardiac cycle channel (14, 

15). A BVP sensor will be placed on the non-dominant finger. 

Movements will affect the signal and will create atrifak on data to 

be recorded. The unit used for measuring BVP is beats per minute 

(bpm) and parameters that can be viewed using this device in-

cludes HRV spectrum and relative blood flow. 
 

 
Fig. 1:  Pro Comp2 

 

 
Fig. 2: BVP Sensor 

 
Fig. 3:  Example of HRV Spectrum's Score Data that have been recorded 

via Multimedia Biofeedback Software 

Source: Thought Technology Ltd. 

2.3. Procedure 

In this study, participants were divided into two groups; group A 

for the participants who obtained excellent academic achievement 

and group B for the participants who obtained passing status aca-

demic achievement. Each participant will undergo the Stroop test, 

which emphasizes on the use of time and good listening-to-

command skills. According to Siska (16), the effect of perfor-

mance in the stroop test can determine the relationship between 

observation and physiological activity is in tandem with which to 

evaluate the level of performance of individual achievement in 

carrying out a case. Individuals with high level of effort will be 

able to balance their recovery level after the test is given. 

Apart from that, this test also aims to assess individual concentra-

tion levels as through these activities, conflicting thoughts will 

occur. This Stroop test will take approximately 2 minutes for each 

participant. During this period, participants must complete two 

sections of tasks; in section A participants must state the colour 

they see of the words provided from top to bottom while in section 

B participants must state the colour they see of the words provided 

from bottom to top. 
 

Table 1: Section A 

RED GREEN PINK GREY BLACK 

PINK RED BLACK GREEN RED 

GREEN BLACK GREEN RED PINK 

GREY PINK RED BLACK GREEN 

BLACK GREY GREY PINK GREY 

 

Table 2: Section B 

RED RED BLUE RED GRAY 

GRAY RED PINK PINK BLUE 

PINK BLUE RED GRAY RED 

RED GRAY RED RED PINK 

BLUE PINK GRAY BLUE RED 

 

During this test, the instructor will record the data in terms of time 

and error that was made. In addition, the participant's heart rate 

will be measured using the pro comp 2 through BVP sensor. The 

data will be recorded via Multimedia Biofeedback Software to 

detect the emotional levels of the participants based on the pattern 

of the heart rate rhythm. The scores of HRV spectrum will be 

divided into three, namely, Very Low Frequency (VLF) where the 

score range is between 0.0033 and 0.04 Hz, Low Frequency (LF) 

refers to the score of spectrum between 0.04 and 0.15 Hz and High 

Frequency (HF), the score of spectrum between 0.15 and 0.4 Hz 

(Clinical Manual Ver 3.0). The recorded data will be analysed and 

the discipline levels of the participants can be assessed.  
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3. Results and Discussions 

This section will discuss the impact of Stroop test on the for-

mation of participants' discipline elements. Other than that, the 

data recorded by the instructor of the time and errors made will 

also be described in more detail. 

3.1. HRV Performance of the Participants 

The findings of the study show that there are differences in pat-

terns of the heart rhythm for participants from group A and group 

B. Based on Figure 1, group A participants scored high percentage 

of LF of 41.97 percent compared to VLF (16.55%) and HF 

(41.4%). However, the difference in the score percentage between 

LF and HF is only 0.48 percent. This shows that the participants 

of group A were able to control themselves and were in a calm 

state throughout the test. Therefore, the group A participants have 

the ability to control the breathing pattern which resulted in slow 

heart rate, thus increased their HRV score.  

A study by Cahill & Alkire (17) and Shah et al. (18) states that the 

effect of SNS in improving the memory of individuals finds that 

the activation of SNS will increase individuals effort and further 

improve their performance in terms of a better time management 

and more focused when dealing with conflicts. In addition, 

Frewen et  al. (19) report that the higher the score of LF spectrum, 

the better the individual cognitive assessment and performance, 

and in turn will improve the discipline and sense of responsibility 

of the individual. 

The group B participants on the other hand, obtained a higher 

percentage of VLF score (44.29%) than HF (36.90%) and LF 

(19.42%). The percentage difference between VLF and LF is 

24.87%. This shows that there is a large difference in the range 

between VLF and LF scores. This shows that the participants of 

group B have failed to handle the stress applied during the test. 

These findings are supported by Salahuddin et al. (20) who find 

that in certain circumstances involving mental and physical stress, 

SNS is activated while PNS will be at low and in turn causes an 

increase in heart rate. The participants of group B failed to control 

emotions and stress during the test and subsequently demonstrated 

low level of concentration than the participants of group A. 

 

 
Fig. 4: Average Coherent Rate of HRV Power Spectrum in Stroop Test 

 

Other than based on the Average Coherent Rate recorded via Mul-

timedia Biofeedback Software, the instructors also recorded the 

data of error made by the participants during the test. Figure 5 

shows the average of time and error made by the participants in 

the Stroop test. On average, participants of group A completed the 

first section within 15 seconds with an average error of 2, while 

for section 2, the participants completed it with an average dura-

tion of 60 seconds and 5 errors. The participants of group B on the 

other hand, took longer period of time to complete; 30 seconds for 

section 1 and 80 seconds for section 2. While in terms of errors 

made, it shows higher results than group A; 8 errors for section 1 

and 12 errors for section 2.  

 

 
Fig. 5: Average Time and Errors in the Stroop Test Conducted on the 

Participants of Group A and B 

 

Based on the findings of this study, it shows that both analyses 

indicate that there is consistency based on the HRV power spec-

trum and duration of the test and the error made by the participants. 

Through Stroop Test, the value of discipline in the aspect of con-

centration and regularity can be assessed. According to Hamalik 

(21), the ability to think (cognitive flexibility) is one of the charac-

teristics of discipline because through this feature individuals who 

are able to think positively will be shaped and subsequently self-

regulation will be more organised.  

4. Conclusion 

Overall, the study finds that the Stroop Test is one of the tests that 

can be used to assess the level of individual discipline. Apart from 

that, ongoing trials can increase the level of individual concentra-

tion and subsequently will be able to increase the level of disci-

pline. This test is also able to introduce a new dimension in shap-

ing individual behaviour that is more positive and will reduce 

social problems within the community as well as will increase the 

value of individual productivity. In addition, the increase in indi-

vidual discipline will be able to raise the performance level and in 

turn will have an impact on the aspect of identity. Additionally, 

for individuals who have a low score should be given a therapist to 

increase their level of discipline as they are the driving force of the 

nation's future. In addition, when disciplinary problems among 

students can be overcome, social problems can be reduced. 
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