
LIFE SCIENCES | BIOMEDICAL APPLICATIONS

107JUNE 2024 • VOLUME 66 NUMBER 2

1. Introduction
Emotion regulation, the process by which individuals modulate 

their emotional experiences and expressions through various 
automatic and controlled physiological, behavioural, or cognitive 
processes, is critical for adaptive function and overlaps with stress- 
coping mechanisms throughout life [1]. Particularly, stress can 
negatively influence an individual’s emotional state, often leading to 
an increase in rumination [2-4], which in turn increases the possibility 
of enhanced negative emotions [4]. Persistent negative emotions 
can result in mental disorders, thereby decreasing the quality of life. 
However, acute stress can also bring about some positive emotions 
[5, 6], underlying the importance of understanding the relationship 
between stress and emotional regulation. Additionally, the COVID-19 
pandemic has underscored the importance of conducting experiments 
online, particularly in light of social distancing measures [7]. Indeed, 
social distancing during the pandemic can challenge cognitive 
performance via multiple elements [8], suggesting that participants’ 
performance could vary between online and offline experimental 
settings, particularly considering the changes brought about during 
and after periods of social distancing. This study aims to clarify 
any potential differences between online and offline experimental 
environments.

University students represent one of the most stress-prone 
demographics within the Vietnamese population, with many 
factors contributing to this, including academic stress [9], familial 

expectations, and peer pressure. Moreover, a high prevalence of 
mental disorders, such as stress, anxiety, and depression, has been 
reported among Vietnamese university students [10]. Stress can have 
detrimental effects on a student’s lifestyle, such as causing reductions 
in cognitive performance [11], which often culminates in poor 
academic performance [12]. Stress also impacts the three components 
of emotions: arousal (ranging from a state of calm to excitement or 
agitation post-stimulus) [13-15], valence (indicating a spectrum 
from extremely negative to highly positive, or the pleasantness of 
the stimulus) [15, 16], and dominance (the capacity to control one’s 
emotions following a stimulus) [16]. Notably, stress is responsible for 
an increase in emotional distress, leading to an increase in arousal 
[13-15] and a decrease in valence [15, 16]. Despite these findings, no 
research to date has specifically focused on these three components 
of emotion (valence, arousal, and dominance) among Vietnamese 
university students following exposure to stressors. Furthermore, 
there is a lack of suitable picture and video libraries targeting this 
demographic. As such, there is a pressing need to assess the emotional 
responses of Vietnamese university students after encountering acute 
stress. Such understanding would provide valuable insights into 
how stress can affect emotional responses, especially within the 
Vietnamese student population.    

Consequently, this study will comprise three experimental stages: 
preliminary, online, and offline. For the preliminary phase, a set of 
images from the International Affective Picture System (IAPS) 
libraries and various categories of videos will be used to determine 
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their suitability for evaluating the emotional responses of Vietnamese 
university students. This evaluation will be critical not only for this 
project, but also future research related to the emotional responses 
of Vietnamese students. Subsequently, the selected library of pictures 
and videos will be used in both the offline and online phases to 
evaluate the emotional response of Vietnamese students, focusing on 
changes in valence, arousal, and dominance after experiencing acute 
stress induced by Arithmetic Tasks.

2. Subject and methodology
2.1. Study design

This study comprised three main phases: the preliminary, online, 
and offline phases (Fig. 1). In the preliminary phase, volunteers 
completed experiments and a subsequent SAM survey to select 
appropriate pictures for the emotional trigger task. These images and 
videos were then used to develop the platform for the main experiment 
(both offline and online phases), which was divided into three parts: 1) 
Stress induction or control protocol via the MAT; 2) Emotional triggers 
involving ninety pictures or five videos; 3) A mid-experiment Stroop 
Effect Task to assess the attention of the participants. The study’s 
second phase, conducted remotely (online) during the COVID-19 
quarantine via Zoom and AnyDesk, spanned two months. The final 
phase, carried out in person (offline) at the International University, 
Vietnam National University, lasted six months. At the start of both 
the online and offline phases of the main experiment, participants were 
asked to fill out a pre-screened questionnaire to record their current 
physical and mental states. The video sessions were scheduled two 
to three weeks after the picture sessions. The platform was displayed 
on the computer screen via PsychoPy software, with participants 
responding to the task by typing on the keyboard.

Fig. 1. The three-phase experimental design: preliminary, online, and 
offline (A); platform design of the first experiment with 90 pictures 
inducing positive, neutral, or negative emotions (B); the design of 
the second experiment with five videos inducing pleasure, sadness, 
neutral, amusement, and fear (C).

2.2. Participants

Ninety-five subjects were recruited to participate in this study, 
including sixteen subjects for the preliminary phase, thirty subjects 
for the online phase, and forty-nine subjects for the offline phase. All 
participants were college students of ages between 18 and 25 years 
old. The demographic information of the subjects is summarized in 
Table 1. Before their participation, subjects were screened to ensure 
consistency in physical and mental health in the same manner as in 
similar studies [17, 18]. All participants signed an informed consent 
form before participating in the experiment. The study protocol was 
approved by the School of Biomedical Engineering, International 
University, Vietnam National University - Ho Chi Minh City.

Table 1. Demographic information of participants in the three phases.                                                             

Phase Prelim (N=16) Online (N=30) Offline (N=45)
Group N/A Control Stress Control Stress
N  16  11  19 22 23
Gender (M/F) 6/10 1/10 4/15  4/18 9/14 
Age (Mean±SD) 21.45±1.95 21.09±1.04  21.32±1.42  20.33±0.92 20.48±1.6 

M: male; F: female; SD: standard deviation; N/A: not applicable.

2.3. Picture and video selection

This study selected images and videos used as emotional stimuli 
based on previous studies on emotional elicitation and responses [19-
21]. The pictures for this study were sourced from the  IAPS database 
(http://csea.phhp.ufl.edu/media/iapsmessage.html), a renowned 
resource offering approximately 900 images for the evaluation of 
human emotions [22]. The emotional rating of pictures within IAPS 
is characterized by three values: arousal, dominance, and valence. We 
selected a total of 40 pictures from IAPS, incorporating three categories: 
negative, neutral, and positive pictures. This selection was based on the 
valence value, the exclusion of alarming keywords, and arousal scores 
(i.e., neutral images have the lowest arousal scores, while negative and 
positive images have the highest arousal scores). These pictures were 
subsequently divided into two sets for the preliminary assessment.

For the selection of videos, we relied on the emotional clips 
documented by [23] and divided them into two sets. Each set 
included five types of emotional triggers: Pleasure, Sadness, Neutral, 
Amusement, and Fear. A detailed description of the two sets of videos 
is summarized in Table 2.

Table 2. Description of selected videos for the preliminary phase.

Emotion Duration (seconds) Description
Set 1
Pleasure 88 A girl is giving a speech at the graduation ceremony.
Sadness 180 The daughter’s regret at the father’s sacrifice
Neutral 97 Drive on a mountain road 
Amusement 350 A poor man and a rich man sleep together
Fear 103 Ghosts hang up people in their house
Set 2
Pleasure 39 A happy conversation between father and son
Sadness 274 Thoughts of an abandoned dog
Neutral 97 Drive on a mountain road
Amusement 190 Teachers’ funny competition
Fear 120 An aggressive blind woman in the hospital
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2.4. Platform design

The platform of this study was developed and executed by 
PsychoPy Software version 2021.2.3, running on Python 3.8. The 
experiment comprised two sessions: one involving pictures (Fig. 1B) 
and the other, videos (Fig. 1C). At the start of each session, a 30-second 
bio-calibration was performed (including 15 seconds with eyes open 
and 15 seconds with eyes closed), followed by a 30-second rest period. 
Subsequently, the MAT was displayed for 90 seconds, featuring a high 
difficulty level as an acute stress inducer for the test group, and a lower 
difficulty level for the control group.

After the stress-inducing step, subjects were exposed to emotional 
photographs or videos. For the picture session, subjects were given 
a three-second rest period before each photo was displayed for five 
seconds. Subsequently, participants were required to respond to the 
Manikin survey, assessing valence, arousal, and dominance, within 
15 seconds (five seconds per question). This procedure was repeated 
90 times (i.e., 90 trials), with the photographs displayed randomly. 
After the presentation of 45 pictures, the Stroop Task was conducted 
for 180 seconds before continuing the picture session. In the video 
session, the procedure mirrored the picture session, including a four-
second rest period, emotional video stimulation, and a 15-second 
Manikin assessment. The videos were shown in the following order: 
Pleasure, Sadness, Neutral, Amusement, and Fear, with the Stroop 
Task presented after the Sadness video. Finally, at the conclusion of 
the experiment, subjects were given a 30-second rest period.

2.5. Emotions and mood self-evaluated scales

2.5.1. Momentary mood state measures 

The momentary mood state measures (MMSM) were conducted to 
analyse participants’ moods before each experiment session. This 15-
item measure utilized a 5-point Likert-type rating scale to evaluate 7 
aspects of a positive state: happy, cheerful, proud, relaxed, cooperative, 

caring, and friendly, and 8 aspects of a negative state: angry, nervous, 
lonely, frustrated, strained, worried, irritated, and stressed [24]. The 
measures were translated into the participants’ native language (i.e., 
Vietnamese) and revised by expert psychologists.

2.5.2. Self-assessment Manikin 

The SAM is a non-verbal measure of the three directions of 
emotional response including valence, arousal, and dominance [25, 
26]. In this study, we used a 5-point scale to measure the score of 
each direction in response to the three categories of IAPS images and 
videos. The SAM scale is shown in Fig. 2.

2.6. Mental arithmetic task

The MAT was used as a stress-inducing task [18, 28, 29]. 
Participants were tasked with solving a set of arithmetic problems. 
For the control group, basic calculations involving the addition and 
subtraction of three digits ranging from one to ten were provided, with 
no time limit set for each calculation. Conversely, the stress group 
was assigned more complicated calculations, including the addition, 
subtraction, and multiplication of three integers less than 100. 
Participants in this group were allotted three seconds to perform each 
calculation, with a total time limit of 90 seconds for the entire MAT 
section. Subsequently, we used a 7-point Likert-type rating scale to 
survey their perception of the task’s difficulty and stress levels.

2.7. Data analysis

The responses to the pre-screen questionnaire were queried on a 
Google Answer Spreadsheet. The picture and video session results 
were extracted from a .csv file exported by PsychoPy, including the 
MAT and Manikin responses. Any mistyped values were considered as 
missing values. Subjects with more than 30% of values missing were 
excluded from the study. 

2.8. Statistical analysis

All data in this study were illustrated as mean ± standard error of 
the mean (SEM) and analysed by the one-way analysis of variance 
(ANOVA) test and t-test. Statistical analysis was performed using a 
0.05 level of significance and conducted by GraphPad Prism software, 
version 8.3.1.

3. Results
3.1. Identification of picture and video library to induce emotional 

response

We analysed the self-evaluated Manikin scale distribution from the 
preliminary phase to identify suitable pictures and videos that could elicit 
emotional responses in Vietnamese students. Figs. 3A, 3D illustrate that 
the videos in Set 2, which induced positive emotion, showed a score 
distribution entirely on a positive scale. This result affirms the suitability 
of these videos in Set 2 for inducing emotional responses of pleasure 
and amusement subsequent experiments. Regarding sadness-triggered 
videos, the distribution of Set 1 focused more on the positive valence 
than Set 2 (Fig. 3B). This suggests that the footage in Set 1 stimulated 
more than one emotion. Therefore, the sadness video in Set 2 was chosen 
for the subsequent experiments. Two videos designed to trigger fear 
exhibited no difference on both valence and arousal scales (Fig. 3E). 
Overall, the videos in Set 2 proved to be a better fit for the purpose of 

Fig. 2. The self-assessment Manikin scale measuring valence, arousal, 
and dominance [27].
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the experiment and were implemented in subsequent experiments. The 
pictures from both sets yielded valence and arousal scores that aligned 
with their designated emotions, namely positive, neutral, and negative, 
with no discernible differences (Figs. 3F-3H). After removing outlier 
pictures whose valence scores did not correspond with the expected 
emotional activation, 45 images for each emotion type were randomly 
selected from both sets for further experiments.

3.2. Evaluation of the stress-inducing effect using mental 
arithmetic task 

Independent t-tests were initially conducted on the participants’ 
feedback regarding difficulty and stress levels to determine the stress-
inducing effects of MAT under both online and offline experimental 

conditions. When comparing the two groups, the stress group 
reported significantly higher levels of difficulty (MD=2.291±0.4193, 
p<0.0001, Fig. 4A) and stress (MD=1.465±0.3679, p=0.0002, Fig. 
4B). This result is consistent with the subjects’ performance presented 
in Fig. 4C, where the control group achieved significantly higher 
accuracy in all evaluated sessions (p<0.0001). Particularly, in the first 
online experimental session, the control group surpassed the stress 
group by 83.74±6.380%. This gap slightly decreased in the second 
session to 68.97±5.926%. A similar trend was observed in the offline 
experiments, wherein the first session, the control group surpassed 
the stress group by 67.31±4.324%, and in the second session, the 
accuracy gap was reduced to 46.61±4.512%. Notably, significant 
differences were found within the stress cohorts between the two 
experimental conditions. Regarding arithmetic tasks for the stress 
groups, the offline cohort yielded significantly higher accuracy in 
both experimental trials (first trial: MD=15.06±4.980, p=0.0119; 
second trial: MD=19.80±4.972, p=0.0004). In contrast, the control 
group showed no difference between the two experimental conditions. 
The difference in accuracy exhibited by the stress group between two 
experimental conditions, online and offline, is hypothesized to be 
influenced by the COVID-19 quarantine and will be further elucidated 
in the following section.

3.3. The difference between offline and online platforms in 
emotional response

Differences in emotional response between two experimental 
groups, control and stress, were evaluated through three parameters: 
valence, arousal, and dominance. In the first experimental session 
of the online cohort, an elevated sensitivity was evident in subjects’ 
responses to all picture sets: the valence differed significantly in all 
sets, with the stress group deviating in emotional tendencies (Positive: 
MD=0.292, p=0.0113; Neutral: MD=0.245, p=0.001; Negative: 
MD=-0.435, p<0.0001). The stress-induced group also experienced 
more intense emotions, reflected in higher arousal scores, particularly 
noticeable in positive (p<0.0001, Fig. 5A) and neutral sets (p <0.0001, 
Fig. 5B). This trend persisted in the second session using video 
stimulation, as the stress group sustained their valence deviation more 
notably than the control group (Supplementary Fig. 1). However, this 
trend did not apply to sadness (MD = 0.11) as the stress group showed a 
slightly higher valence score compared to the control (Supplementary 
Fig. 1B). Nevertheless, the arousal scores were consistently higher in 
the stress group across all emotions (significantly higher in positive 
and neutral, MD=0.32-0.52, respectively, p<0.0001), suggesting they 
were experiencing more intense emotions (Fig. 5).

In the first experimental session of the offline 
platform, no differences were observed between 
the two groups (Fig. 6). Overall, both groups 
expressed emotional valence in alignment with 
the intended mood as they responded with high 
valence scores to positive pictures (Fig. 6A) and 
low valence scores to negative pictures (Fig. 6C). 
On the other hand, the stress group experienced 
more intense emotions, as evidenced by their 
arousal score, especially in response to positive 
pictures (MD=0.169; p=0.0341, Fig. 6A). In the 
second session, which involved video stimulation, 
there was no significant difference detected 
between the two experimental groups, similar to 
the online cohort (Supplementary Fig. 2).

Fig. 3. The self-evaluated Manikin scale distribution of pictures and 
videos from the preliminary phase. Videos were targeted to induced 
specific emotional responses: (A) Pleasure, (B) Sadness, (C) Neutral, (D) 
Amusement, and (E) Fear. Pictures were targeted to induce the following 
specific emotional responses: (F) Positive, (G) Neutral, and (H) Negative 
(Set 1: N=16; Set 2: N=16). Each circle represents the mean value. The 
size of the circle indicates the mean value of the dominance scale.

Fig. 4. The participants’ self-evaluated difficulty and stress levels when performing mental 
arithmetic tasks in the control and stress groups. (A) Difficulty; (B) Stress level; (C) The 
results from the mental arithmetic task of the control and stress groups. Control online: N=11, 
stress online: N=16, control offline: N=22, stress offline: N=23.
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Subsequently, multiple comparisons were conducted on 
participants’ mood evaluations to highlight any potential differences 
between two experimental cohorts, namely online and offline. 
As illustrated in Fig. 7, it can be deduced that the offline cohort 
experienced more intense emotions. This observation is based on 
the overall trend where offline subjects provided higher intensity 
ratings for 13 out of 15 evaluated moods. Notably, 9 out of these 15 
moods demonstrated significant differences between the two cohorts, 
including happiness (p=0.00352), cheerfulness (p=0.00611), pride 
(p=0.0126), nervousness (p=0.000480), loneliness (p=0.000185), 
frustration (p=0.0263), strain (p=0.0134), worry (p=0.00145), and 
stress (p=0.00484). Particularly, the most distinctive moods were 
loneliness (MD=0.501) and nervousness (MD=0.400). These results 
implied a heightened sensitivity in the offline cohort’s emotions prior 
to intervention compared to the online cohort, which may be related to 
the respective cohort’s living conditions. This point will be elaborated 
in the next section.

4. Discussion
Numerous prior studies have explored the 

suitability of the IAPS library in emotional 
responses, cognition, and regulation across 
various socio-cultural contexts [21, 30, 31]. 
However, given socio-cultural differences, 
the impact of the IAPS library on Vietnamese 
students has not been established, nor has any 
effort been made to build a library of images and 
videos to support studies of emotional responses 
in Vietnamese individuals. Our preliminary 
results suggest that our designated IAPS library 
evokes emotions in Vietnamese students in a 
manner similar to trends observed in previous 
studies [21, 22, 30]. Both IAPS libraries (Sets 1 
and 2) effectively induced emotions as indicated 
by their labels: high scores on the valence scale 
for positively induced emotions (>0), low scores 
for negatively induced emotions (< 0), and scores 
ranging from -1 to 1 for neutral picture sets 
[30]. Similarly, the results for each emotional-
inducing video also displayed valence scores 
consistent with each type of emotion. 

The differences in self-rating stress and 
difficulty levels, as well as arithmetic accuracy, 
between the two experimental groups (Fig. 4) 

were similar to those found in previous studies [18, 32, 33]. These 
results demonstrate that the designated MAT is capable of inducing 
acute stress in the stress group. MAT performance is commonly used to 
assess the level of working memory involved in cognitive processing 
[34-36]. Interestingly, the accuracy achieved by the online stress group 
was found to be significantly lower than that of the offline stress group 
(Fig. 4C). This difference implies the effect of environmental factors 
on subjects’ MAT performance in the two experimental conditions: 
online or offline. Previous studies have shown a negative association 
between anxiety and working memory task performance [37]. In our 
study, the two experimental stages were conducted during different 
periods of the COVID-19 pandemic - the online phase took place at 
the end of the COVID-19 quarantine period, and the offline phase 
occurred during the resurgence of SARS-CoV-2 infections [38]. We 
hypothesize that the pandemic outbreak during the offline phase may 
have caused anxiety among the stress group, which could explain the 
higher performance in MAT among the offline stress cohort.

Previous studies have demonstrated the effects of acute stress on 
emotional sensitivity and recognition in experimental subjects [19, 
39]. The online experimental results showed that MAT heightened 
awareness of positive and negative emotions in the stress groups 
by increasing the valence score in the positive and neutral emotion-
triggered picture sets and decreasing it in the negative emotion-triggered 
set (Fig. 5). Sensitivity was also enhanced, as evidenced by an increase 
in arousal scores regardless of emotion types. However, this trend was 
not as significant in the offline experiments: Only the positive picture 
set recorded a substantial increase in the stress group’s arousal score 
(Fig. 6A), while two other picture sets only saw a slight increase 
(Figs. 6B, 6C). On the other hand, a higher negative valence score and lower 
scores in neutral and positive valence scores were found in the offline stress 
group compared to the online group. Regarding the control group, there 

Fig. 5. Comparing emotional response levels of the two experimental groups in the online 
session to pictures of specific emotional triggers through the Manikin emotional self-
rating scale. (A) Positive (control: n=487, stress: n=828); (B) Neutral (control: n=244, stress: 
n=428); (C) Negative (control: n=245, stress: n=418) (online control: N=9, online stress: N=15).

Fig. 6. Comparing the emotional response levels of the two experimental groups in the 
offline session to pictures of specific emotional triggers through the Manikin emotional 
self-rating scale. (A) Positive (control: n=720, stress: n=671); (B) Neutral (control: n=720, stress: 
n=673); (C) Negative (control: n=1433, stress: n=1305) (online control: N=25, online stress: N=24).

Fig. 7. Mean of momentary mood states measure scale in the online 
and offline experiments.
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was no difference between the two experimental conditions. This result 
suggests that the online cohort was more sensitive in their emotional 
responses. Previous studies have clarified the positive correlation 
between social stressors and negative emotional responsiveness and 
perception [6, 40]. Therefore, environmental stressors during the online 
session are hypothesized to be the primary cause of different emotional 
responses between the two experimental conditions. It is noteworthy 
that the online experiment was conducted during the easing of social 
lockdown, and the offline experiment was conducted during the “new 
normal” - after the COVID-19 lockdown had been lifted. So, were 
environmental factors involved in subjects’ emotional resilience in two 
experimental conditions?

The impact of the COVID-19 pandemic 
can be inferred from the analysis of Mean of 
Momentary Mood States Measure (MMSM) 
results (Fig. 7). The offline cohort exhibited 
higher intensity ratings for 13 out of 15 surveyed 
moods. This trend indicated an increase in 
mood instability in young adults [41]. Studies 
investigating the effects of stress posed by the 
COVID-19 pandemic on mood swings after 
lockdown have been documented in other 
countries [42, 43]. However, the Vietnamese 
population reported lower stress level than other 
countries in the region and developed countries 
[44]. Students under social lockdown reported 
that being with their families during the pandemic 
partly reduced their core stressors, such as tuition 
fees, living alone, and transportation problems 
[45]. In contrast, at the time of the offline 
experiment, students had returned to study on 
campus, and problems such as job loss, financial 
crises of sponsors, and living away from home 
affected students. Furthermore, between March 
and May, there was a sudden increase in 
SARS-CoV-2 infections [38]. These unique 
circumstances might explain the difference in 
mental health between the online and offline 
cohorts. However, there have been limited 
studies investigating the influence of post-
lockdown social factors on students’ mental 
health. Further work needs to be conducted 
to clarify the relationship between these two 
factors.

5. Conclusions
To date, no picture or video library has 

been specifically designed to trigger emotional 
responses in Vietnamese individuals. The 
impact of acute stress on emotional responses in 
Vietnamese students also remains unexplored. 
This pioneering study demonstrates that the 
IAPS picture and video libraries, adapted from 
foreign studies, effectively trigger emotions 
in Vietnamese students consistent with their 
designated labels. Consequently, a selection of 
IAPS pictures and videos was implemented in 
subsequent experiments to evaluate the effects 
of acute stress on emotions in this demographic. 

The online experiments revealed that subjects under acute stress 
were more sensitive across three emotional categories via increased 
valence scores in the positive and neutral groups and decreased scores 
for negative pictures. This emotional sensitivity was also reflected 
in arousal scores of each emotion. However, a similar significance 
was not observed in the offline experiment. Through the MMSM 
results, increases in both positive and negative states were noted 
among subjects in the offline experiment. These findings suggest the 
potential influence of social factors, such as COVID-19 - considering 
the timing of the experiments - on participants’ mental health. In one 
interpretation, these results underscore the enduring impact of the 
COVID-19 crisis on the mental health of Vietnamese students.

SUPPLEMENTARY

Supplementary Fig. 1. Comparison of the emotional response levels of the two experimental 
groups in the online session to videos of specific emotional triggers through the Manikin 
emotional self-rating scale. (A) Pleasure; (B) Sadness; (C) Neutral; (D) Amusement; (E) Fear. 
Online control: N=11, online stress: N=19.

Supplementary Fig. 2. Comparison of emotional response levels of the two experimental 
groups in the Offline session to videos of specific emotional triggers through the Manikin 
emotional self-rating scale. (A) Pleasure; (B) Sadness; (C) Neutral; (D) Amusement; (E) Fear. 
Offline control: N=22, offline stress: N=23.
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