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1. Introduction
Stress, as defined by the World Health Organization, 

is the body’s response to stimuli that require attention or 
action, resulting in physical, emotional, or psychological 
pressure. Stressors are increasingly prevalent in modern 
society, encompassing factors from family to work stress 
[1, 2]. As stress affects individuals of all ages, stress-related 
disorders such as depression, anxiety, physiological changes 
(cardiovascular, hormonal), and cognitive impairments have 
become more common [3-7]. Consequently, there is a pressing 
need for a deeper understanding of stress mechanisms to 
develop effective treatments. Laboratory-based protocols that 
can induce the human stress response are essential [8].

To establish a stress-inducing protocol in a laboratory 
setting, it is crucial to differentiate between different types 
of stress. Chronic stress arises from long-term stressors that 
individuals frequently encounter over an extended period, 
such as unemployment, financial strain, or caregiving 
responsibilities [9-11]. Acute stress, on the other hand, results 
from sudden, traumatic, or surprising events, like having an 
argument, presenting to a large audience, or facing imminent 
work deadlines. While chronic stress is a more severe and 

pervasive form of stress associated with disease and mortality 
[12], acute stress is particularly relevant for understanding 
how individuals respond to threatening situations. Exploring 
acute stress responses is vital for informing adaptive stress 
management strategies that promote long-term well-being. 
Achieving this requires a laboratory protocol capable of 
inducing significant changes in endocrine and cardiovascular 
activities.

Regarding acute psychological stressors, a meta-analysis 
of 208 studies conducted by S.S. Dickerson, et al. (2004) 
[13] identified the TSST as one of the few stress protocols 
consistently eliciting hypothalamic-pituitary-adrenocortical 
(HPA) axis responses. Social-evaluative threat, where 
individuals face potential negative judgment from others, 
and uncontrollability are key psychological components that 
generate the largest HPA axis response. These components are 
prominently present in the TSST’s procedural stages. Social-
evaluative threat is incorporated by requiring participants to 
prepare a presentation in front of expert judges while being 
video recorded. Elements of uncontrollability are integrated 
throughout the procedure: participants are abruptly informed 
of a short preparation time and are not informed about the 
mental arithmetic task [14].
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Up until 2007, the TSST had been employed in over 4000 
studies, consistently producing results that established its 
position as the gold standard for inducing laboratory-based 
acute psychological stress [15]. The TSST’s applicability 
in non-western populations, such as Chinese [16-22], 
Japanese [23], and African [24], further enhances its 
desirability. However, due to its wide usage across cultures, 
variations in how researchers implement the TSST protocol 
have been observed. A recent systematic review by N.N. 
Linares, et al. (2020) [25] identified several discrepancies 
in testing procedures, particularly in exclusion criteria, 
selected time intervals for physiological data collection, 
and the number of judges. These variations may complicate 
research comparison and replication. To address these 
issues, the authors provided comprehensive guidance for 
the systematic implementation and detailed reporting of the 
TSST methodology, which this study aims to follow.

The effects of the TSST are typically analyzed 
using multiple methods at different levels of analysis: 
physiological (electrocardiogram), self-reports, and cortisol. 
Electrocardiogram (ECG) is a valuable tool for assessing 
stress levels during specific stages [26]. During the stress 
experience, the release of adrenaline triggers the body’s 
fight-or-flight response, resulting in physiological changes, 
including an increased heart rate compared to a non-stress 
state. Therefore, heart rate (beats per minute) is a reliable 
metric for evaluating current stress levels [27]. Recent 
studies have also utilized heart rate variability (HRV) as 
an indicator of stress [28]. Additionally, common data used 
to assess the effectiveness of the TSST in inducing stress 
include heart rate, standard deviation of HRV (RMSSD), 
root mean square of successive differences (RMSSD), and 
the percentage of N-N intervals larger than 50 ms (pNN50) 
[25, 29, 30]. Previous studies have shown that RMSSD 
and pNN50 decrease in the presence of stressors [28, 31]. 
Skewness and kurtosis are also employed to understand 
the distribution of HRV values [32, 33]. Alongside 
physiological measures, a minimum of two self-report 
stress questionnaires are typically recommended to assess 
participants’ subjective stress levels before and after the 
TSST. The positive and negative affect schedule (PANAS), 
the visual analogue scale (VAS), and the state-trait anxiety 
inventory (STAI) are commonly selected scales due to their 
sensitivity to change and validity across languages [25].

Despite the TSST’s essential role in studying the 
neurobiological response to acute stress, no previous studies 
have investigated its effects on Vietnamese or Southeast 

Asian samples. K. Lewin’s field theory, proposed in 1997, 
asserts that behavior is a product of the individual and the 
environment [34]. This notion is supported by numerous 
studies demonstrating significant differences in mental 
health outcomes across ethnicities, highlighting the role 
of culture in perceiving stress and anxiety [35]. Therefore, 
this preliminary study aims to lay the foundation for future 
investigations by evaluating the effects of the translated 
TSST protocol on a small sample of Vietnamese students. 
Ten healthy Vietnamese university students were exposed 
to the TSST protocol, during which self-reported measures 
(PANAS and VAS) and electrocardiogram activity 
were recorded. This study hypothesizes that post-TSST, 
participants would exhibit lower positive affectivity, higher 
negative affectivity, and higher perceived psychological 
stress. Additionally, a significant increase in heart rate was 
predicted, while the remaining electrocardiogram values 
(standard deviation of HRV, root mean square of successive 
differences between normal heartbeats (RMSSD), and 
pNN50) during the resting phase with speech and arithmetic 
tasks were expected to significantly decrease. Furthermore, 
the study employed kurtosis and skewness of HRV to 
understand the distribution of HRV values. 

2. Materials and methods

2.1. Participants

Ten participants (six men and four women), aged 19 
to 22, all of whom were current university students, took 
part in this study. Exclusion criteria for the participants 
included regular consumption of energy drinks or beverages 
containing stimulant compounds (less than two cups per 
week), diagnosis of mental illness by professionals, use of 
psychotherapeutic therapies, and exhibiting signs of anxiety 
or obsession with their surroundings. 

This study received approval from the Institutional 
Review Board (IRB) of the School of Biomedical 
Engineering, International University, Vietnam National 
University, Ho Chi Minh City. Prior to the study, all 
participants were provided with the informed consent form 
to read and sign if they agreed to participate. 

2.2. The Trier social stress test protocol

The TSST was utilised to induce psychosocial stress [14]. 
This study followed the recommendations of a systematic 
review conducted by N.N. Linares, et al. (2020) [25], which 
synthesized data on the procedures from 35 articles. 
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Fig. 1. The Trier social stress test laboratory protocol (total 
of 90 minutes).

In our study, all participants underwent a 45-minute 
resting stage, which involved completing questionnaires 
(PANAS and VAS) and a 15-minute acquisition of EEG 
signals. Subsequently, the participants had 5 minutes to 
prepare for a 5-minute speech task. This was followed by 
a 5-minute mental arithmetic task, concluding the TSST. 
Finally, there was another 30-minute resting stage during 
which the participants completed the two questionnaires 
once again (Fig. 1).

2.2.1. Baseline rest (resting stage) (45 minutes) 

The participants were instructed to wait comfortably 
for 30 minutes. After the 30-minute waiting period, the 
participants completed questionnaires (Supplementary 
Tables 1 and 2) to assess their baseline stress level and 
subjective well-being, including stress symptoms, positive 
and negative affect (using the PANAS), and current stress 
level (using the VAS). Physiological measures (subjects’ 
ECG signals) were collected for 15 minutes following the 
initial 30-minute waiting period.

2.2.2. The Trier social stress test protocol

Anticipation phase (5 minutes): The researcher informed 
the participant that they were applying for their ideal job 
and would need to give a 5-minute speech describing why 
they would be the ideal candidate for the position in front 
of a judge. The researcher explained that the presentation 
would be audio and video-recorded for later analysis. The 
participants were provided with a sheet of paper and a pen 
and given five minutes to prepare for the presentation. The 
researcher then started a digital timer to count down from 
five minutes and left the room. Subjects’ ECG signals were 
collected for five minutes during this stage.

Speech task (5 minutes): Immediately after the 
preparation stage, the researcher returned to the testing 
room and instructed the participant to deliver their 
speech. The researcher set a timer for five minutes. If the 
participant paused for more than 20 seconds during the 
speech or finished before five minutes, the judge would use 
a standardized prompt to ask the participant to continue. If 
necessary, the judge would ask prepared questions to ensure 
the participant spoke for the entire allotted time.

Mental arithmetic task (5 minutes): At the conclusion 
of the speech task, the judge introduced a new task to 

the participant. The participant was asked to subtract the 
number 13 from 1022 sequentially, aloud, as quickly and 
accurately as possible. The judge informed the participants 
that their progress would be closely monitored, and any 
mistakes would result in starting over from the beginning. 
Pauses lasting longer than 15 seconds were also counted 
as miscalculations. The task began immediately after the 
researcher set a timer to count down from five minutes. 
Subjects’ ECG signals were collected for five minutes 
during this stage.

2.2.3. Recovery (30 minutes)

After the mental arithmetic task, the researcher returned 
the participants to the original waiting room and instructed 
them to wait comfortably for 30 minutes. After the 30-minute 
period, the participants completed the questionnaires again, 
and post-stress physiological measures were taken.

During the debrief, the researcher informed the 
participants that their performance was not recorded and 
that no analysis of their speech or math performance would 
be conducted. Additionally, the tasks presented to them 
were intentionally challenging and did not reflect their true 
abilities.

2.3. Psychological measures

Affect was measured using the PANAS, which is a self-
reported questionnaire consisting of 20 multiple-choice 
questions, with 10 questions measuring positive affect and 
10 measuring negative affect [36]. Each question presented 
a word describing a feeling or emotion experienced at 
the present moment, and participants rated their response 
on a scale from one (very slightly or not at all) to five 
(extremely). The positive and negative affect subscales 
each comprised 10 words, with a possible score range of 10 
to 50. Higher scores indicated a higher level of positive or 
negative affectivity.

Perceived stress was assessed using the VAS, which 
has been reliably used to measure psychological distress in 
Vietnam [37-39]. Participants rated their current stress level 
on a scale from 1 (not at all) to 10 (extremely).

2.4. Physiological measures: ECG

To measure participants’ ECG activities, ECG sensors 
developed by the ITR company (Fig. 2), and approved by the 
FDA, were used. The device was placed in the middle of the 
participants’ chest, and the sensors were in direct contact with 
their skin to record their heart activities. Participants were 
instructed to remain seated and avoid sudden movements 
during the TSST procedure to minimize noise caused by 
muscular movement. 

The collected data was then processed using a bandpass 
filter (range from 0.5 to 30 Hz), and a fifth-order Butterworth 
filter was applied to remove any remaining noise, particularly 
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electromyography noise [40, 41] (Fig. 3). The data processing 
was conducted in Python, utilizing the WFDB processing tools 
(https://wfdb.readthedocs.io/en/latest/index.html) for signal 
analysis (Fig. 4). Five values were selected for further analysis, 
calculated using Python: average heart rate, standard deviation, 
kurtosis and skewness of HRV, root mean square of successive 
differences (RMSSD) between normal heartbeats, and PNN50 
(the ratio of the number of standard heartbeat intervals larger 
than 50 ms to the total of the N-N intervals). These values 
indicate the participants' physiological responses to each task 
condition [42, 43]. Additionally, the average heart rate was 
calculated by summing all heart rate values between 30 and 
200 bpm and dividing them by the total number of suitable 
heart rate values.

Fig. 2. The ITR electroencephalogram sensor.

2.5. Statistical analysis

Paired samples t-tests were conducted to compare affective 
states and perceived psychological stress before and after the 
administration of the TSST. Additionally, repeated-measures 
one-way ANOVA was used to compare the ECG signal results 
across the four stages of the TSST. All statistical analyses were 
performed using GraphPad Prism. Unless otherwise stated, all 
values and graphs presented in this article are reported as data 
± standard error (SE). In addition, the asterisk symbol (*) in the 
graph indicates that there are significant differences between the 
two comparison groups. The statistical power and effect size of 
the testing population were calculated using G*Power 3.1.9.7 [44].  

3. Results
3.1. Psychological measures 
3.1.1. Positive affective state 
We hypothesised that the positive affective score, as measured 

by the PANAS, would significantly decrease after the induction 
of stress. The average positive affect score prior to the TSST was 

Fig. 4. Peak finding using WFDB functions.

Fig. 3.  Acquired data before and after signal processing.

Before processing After processing
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28.9±8.621. This score slightly decreased to 26.9±8.212 after the 
administration of the TSST. However, there was no significant 
difference in the positive affect scores before and after stress 
induction (t(9)=0.956, p=0.364) (Fig. 5). The statistical power of 
the conducted t-test was 0.668 with an effect size of 0.849.
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Fig. 5. Positive affect score before and after Trier social 
stress test.

3.1.2. Negative affective state

We also tested the hypothesis that participants would 
experience higher negative affectivity after undergoing 
the TSST. The average negative affective score during 
the baseline rest was 18.8±8.230. After the participants 
underwent the TSST, the average score increased to 
25.8±11.094, indicating an increase in negative emotions. 
Our analysis revealed a significant effect of the TSST 
on negative affect (t(9)=-2.881, p=0.020) (Fig. 6). The 
statistical power of the conducted t-test was 0.266 with an 
effect size of 0.472.
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Fig. 6. Negative affect score before and after Trier social 
stress test.

3.1.3. Perceived stress

Our prediction was that participants would experience 
increased perceived stress after completing the TSST 
procedure. Comparing the VAS scores before and after the 
TSST, we observed a 42% increase in the self-reported stress 
score (mean of 4.8±1.751 and 6.8±1.687, respectively). 

The paired sample t-test indicated a significant effect of 
the TSST on participants’ perceived stress (t(9)=-3.078, 
p=0.013) (Fig. 7). The statistical power of the conducted 
t-test was 0.29 with an effect size of 0.497.
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Fig. 7. Perceived stress score before and after Trier social 
stress test.

3.2. Physiological measures

3.2.1. Heart rate

To assess the influence of different phases of the TSST on 
participants’ heart rate, a one-way repeated measures ANOVA 
was conducted. We expected significant differences between 
the baseline rest and the speech and mental arithmetic task 
phases (Fig. 8). Comparing the four phases of the TSST, 
significant differences were observed in the participants’ 
average heart rates after applying the repeated measures 
ANOVA one-way statistical analysis between the rest and 
anticipation phase (means of 80.4±2.95 and 86.8±3.04, 
p=0.043), the rest and speech phase (means of 80.4±2.95 
and 90.8±2.77, p=0.012), and the rest and arithmetic phase 
(means of 80.4±2.95 and 88.0±3.02, p=0.010). No significant 
differences were observed among the remaining phases 
(anticipation and speech task, anticipation and arithmetic 
task, speech and arithmetic task). In summary, the TSST 
significantly affected participants’ heart rate, with an increase 
observed during the speech task and arithmetic task stages. 
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Fig. 8. Subject’s heart rate during the four sessions of Trier 
social stress test.
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3.2.2. Heart rate variability (HRV) measurement 

Standard deviation of R-R intervals: Assessing the 
standard deviation of the R-R Interval, a significant 
difference was only found between the Anticipation and 
Speech phases (means of 0.0507±0.0052 and 0.062±0.0051, 
respectively, p=0.016). No significant differences were 
observed in the remaining comparisons between any two 
phases (Fig. 9). 
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Fig. 9. Subjects’ standard deviation of R-R intervals 
between four sessions of Trier social stress test.

Kurtosis and skewness of R-R intervals: Analysing 
the participants’ kurtosis of R-R intervals, no significant 
differences were observed. For the skewness of R-R intervals, 
significant differences were found between the rest and 
anticipation phases (means of -0.181±0.153 and 0.267±0.13, 
respectively, p=0.015), the rest and speech task phase (means 
of -0.181±0.153 and 0.337±0.165, respectively, p=0.005), 
and the rest and arithmetic phase (means of -0.181±0.153 and 
0.536±0.156, respectively, p<0.0001). No differences were 
observed in the remaining comparison groups. In summary, no 

conclusive findings can be drawn from the results of kurtosis. 
However, the significant increase in skewness between each 
phase of the TSST indicates that the R-R intervals tend to 
lean towards smaller values, indicating lower variance among 
R-R intervals and suggesting increased stress in later stages 
(Fig. 10).

Root mean square of successive difference (RMSSD) and 
pNN50: The results of the root mean square of successive 
differences and pNN50 indicate a decrease in their mean 
values between the rest session and the anticipation and 
speech sessions (Fig. 11 and Supplementary Table 3). 
However, no significant differences were found among 
the four stages of TSST in these two results. Therefore, no 
conclusive indications can be interpreted from the RMSSD 
and pNN50 values (Fig. 11).

The statistical power of all heart rate measures ranged from 
0.139 to 0.479, with effect sizes ranging from 0.3 to 0.676.
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Fig. 11. Subjects’ root mean square of successive 
difference (RMSSD) and pNN50 among the four sessions 
of Trier social stress test.

4. Discussion
In our experiment investigating the effect of the TSST 

on stress responses in the Vietnamese population using 
questionnaires and electrocardiogram (ECG) measurements, 
we observed several notable results indicating the 
stress-inducing effects of the TSST. The analysis of the 
questionnaires revealed a significant increase in participants’ 
negative affective state after the TSST, supporting our 
hypothesis that negative emotions would intensify during the 
speech and arithmetic task stages, leading to a more stressful 
state. However, no significant differences were found in the 
positive affective state, indicating that positive emotions 
remained unaffected by the TSST. Additionally, the VAS 
questionnaire confirmed a significant increase in participants’ 
perceived stress levels after the TSST. Analysing the ECG 

Fig. 10. Subjects’ kurtosis and skewness of R-R intervals 
among the four sessions of Trier social stress test.
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measurements, we observed a significant increase in heart 
rate between the resting stage and the speech and arithmetic 
stages. The increase in skewness of HRV further indicated 
that participants’ heart rates beat at a faster rate than usual 
after these two final stages, suggesting a heightened state of 
stress.

However, some of the remaining ECG results contradicted 
our hypotheses. There were no differences in the standard 
deviation and kurtosis of HRV, root mean square of successive 
differences, and pNN50 values between the resting stage and 
the speech and arithmetic tasks. These mixed results deviated 
from previous studies that demonstrated the effectiveness of 
the TSST in inducing stress in other Asian populations [16-23]. 
We will discuss potential explanations and recommendations 
for these contradictions in the following section.

5. Conclusions
The results of our project indicate that the TSST had a 

stimulating effect on the stress levels of participants, as 
evidenced by the increased heart rate and alternations in 
psychological measurements (increased negative affective 
state and VAS scores). However, non-significant findings in 
measures such as HRV (kurtosis, RMSSD, and pNN50) may 
be attributed to confounding variables, including familiarity 
with the test procedure and ethnic characteristics. Future 
experiments using the TSST to induce stress should consider 
several modifications. Firstly, an increased number of 
interviewers, preferably more than two as in previous TSST 
studies, should be employed. Secondly, interviewers’ rigor 
during the speech and arithmetic tasks should be consistent 
to minimise participant bias. Furthermore, future extensions 
of the study should incorporate a control group and a larger 
number of participants to enhance the study’s validity.

6. Limitations and recommendations
Some of the results that contradict our hypotheses can be 

attributed to several reasons, which also serve as limitations 
of our preliminary study. Firstly, in the speech task and the 
arithmetic task, the presence of only one interviewer may 
have been insufficient to induce a significant level of stress or 
intensity in the participants. Additionally, the current level of 
arithmetic difficulty might not have been challenging enough 
to elicit stress in Vietnamese students. This could be attributed 
to the exceptional mathematical skills of the Vietnamese 
population, as evidenced by their performance in the PISA 
examination compared to other nations (India, Ethiopia, Peru) 
[45]. Secondly, variations in the interviewers’ strictness could 
have led to different emotional responses from participants, 
resulting in varying stress levels. Furthermore, the lack of 
uniformity in the questions asked during the speech task may 

have led to some participants perceiving the interview as 
easier than others. Thirdly, the small number of participants in 
our study may have yielded undesirable results and affected 
the statistical analysis. Particularly for this preliminary study, 
with only ten participants, the statistical analysis may not 
provide conclusive findings. The statistical power of the 
conducted analyses was all below 0.8, which is the ideal 
threshold for statistical tests [46]. However, the effect size 
was notable, ranging from 0.472 to 0.849 for psychological 
measures, indicating strong effects of the TSST intervention 
on these measures. Conversely, the effect size ranged 
from 0.3 to 0.67 for physiological measures, indicating a 
moderate independence between the TSST intervention 
and these measures [47]. Fourthly, some participants may 
have previously been in similar situations, particularly in 
the speech task, as reported after the study. This familiarity 
with job interviews could have reduced the perceived stress 
of the interview task. Consequently, participants may have 
experienced a milder response to stress during the TSST. 
Fifthly, the absence of a control group (groups that do not 
undergo the TSST stage) limits our ability to confirm further 
details about the effects of the TSST. Lastly, the small sample 
size (N=10) may have reduced the study’s ability to replicate 
the TSST, as the original study by C. Kirschbaum, et al. (1993) 
[14] found that a sample size of at least 20 participants was 
necessary to detect significant cortisol responses to the TSST.

SUPPLEMENTARY

Table 1. Positive and negative affective schedule 
questionnaire’s English version.

Positive and negative affective schedule (PANAS-SF)
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Table 2. Visual analogue scale questionnaire (English 
version).

0-1 Numeric visual analogue scale - VAS

          

Table 3. Mean values of different heart signal information in 
four sessions of the Trier social stress test.

 Baseline rest 
(mean ± SE)

Anticipation phase 
(mean ± SE)

Speech task 
(mean ± SE)

Mental arithmetic 
task (mean ± SE)

Average heart rate 80.4±2.95 86.8±3.04 90.8±2.77 88.0±3.02

R-R standard 
deviation (s) 0.066±0.0078 0.05±0.0052 0.062±0.0051 0.055±0.006

R-R kurtosis 3.58±0.296 3.34±0.229 3.63±0.285 3.27±0.291

R-R skewness -0.18±0.153 0.26±0.130 0.33±0.165 0.536±0.156

RMSSD (s) 0.036±0.0053 0.029±0.0032 0.033±0.0046 0.038±0.008

pNN50 (%) 16.1±4.55 9.85±3.01 10.05±2.36 13.0±3.26
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