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SUMMARY

This study used reaction time (RT) and event-related potential (ERP)
analysis in an emotion-cognition Eriksen-Flanker (ECEF) task to
investigate behavioral and neural abnormalities in individuals with
public speaking anxiety (PSA). Although 25 per cent of people
worldwide suffer from PSA, there is currently a lack of standardized
assessment or biomarkers to detect emotion-cognition abnormali-
ties in individuals with PSA.

RT and ERP were compared between 12 subjects with high (H) PSA
and 12 subjects with low (L) PSA in the ECEF experiment. EEG
was recorded with the 14-channel Emotiv EPOC+.

RT data showed a significant Flanker Effect across groups in the
neutral and emotional (PSA-related) conditions, with increased Flanker
effect in the HPSA group. On average, LPSA subjects were faster than
the HPSA subjects in the ECEF task. HPSA subjects showed aberrant
ERP responses in two ways. Firstly in the reversed N200 conflict
effect with increased frontocentral amplitude in the incongruent
compared to the congruent condition. Secondly, in the absence of the
P200 frontocentral emotional modulation found in LPSA subjects. In
the HPSA group, decreased P200 amplitude is significantly related to
impaired behavioral performance in the neutral congruent condition.
RT and ERP are useful in modern medicine because they successfully
unveiled the biomarkers of abnormalities during the interaction of emo-
tion and cognition. Impaired conflict processing in PSA-related condi-
tions was found at the N200 and P200 windows in HPSA individuals.

Key words: public speaking anxiety, Flanker, emotion, cognition,
P200, N200, emotiv, EEG
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INTRODUCTION

Public speaking anxiety (PSA) often results in impaired critical thinking skills
and cognitive performance that might lead to mediocre academic performance,
reduced career prospects, and low quality of life [1—4]. Although the fear of public
speaking is pervasive in our modern society, with approximately 25% of individ-
uals report experiencing it [2,5], the underlying brain-behavior mechanisms of
this fear have yet to be understood. Despite their validity and reliability, standard
self-assessment tools such as [2,6,7] only evaluates the behavioral aspects of
PSA.This paper aims to integrate measures of behavioral performance and the
modulation of cortical evoked activity, that allows for a more direct assessment
of the dysfunction in comparison to behavioural measures alone.

Various modifications of the ECEF task have been used to study emotion-
cognition dysfunctions in vulnerable individuals, such as those suffering from de-
pression [8], anxiety [8], social anxiety [9,10], schizophrenia [11] and autism
spectrum disorder [10]. The N200, an ERP conflict-related negativity at the fron-
tocentral electrodes at 200ms after stimulus onset, is a prominent marker in the
Flanker task and has been linked to conflict processing at the anterior cingulate
cortex (ACC) [8,12]. In experimental studies, the N200 window is related to emo-
tional-cognitive interactions [13,14] and has also been associated with anxiety-
related disorders [15—17]. Overall, there seems to be some evidence to indicate
the role of the N200 window with emotion-cognition interations in individuals with
anxiety-related disorders.

The P200, recognized by an upward deflection that occurs about 200 ms after
stimulus, is related to emotional perception [18] and emotional modulation during
cognition in the Flanker task [19]. The P200 ERP component is sensitive to the
emotional meaning of words and has been linked to emotion-cognition distur-
bances in patients with generalized anxiety disorder (GAD) [20]. It has also been
discovered to be a biomarker [21,22] for attention-bias related impairment in pa-
tients suffering from depression. Increased P200 amplitude has also been found
to be associated with emotional stimuli in experimental studies in healthy sub-
jects [23,24]. Collectively, these studies outline a critical role of the P200 window
in emotion-cognition tasks. The findings from the current study is important in
establishing P200 to emotion-cognition disturbances in HPSA subijects.

Despite the high prevalence rates of PSA, up to now, no behavioral or ERP
ECEF task has been conducted to investigate emotion-cognition deficiencies re-
lating to this fear in individuals suffering from HPSA. Current research trend on
the ECEF task is summarized in Table 1.

There is a current shift in neuroscience research, driving towards lower cost,
portable neurotechnology devices that are easy to assemble and require faster

Table 1. A summary of ECEF experiments conducted in PSA and non-PSA research

RT-based PSA study ERP PSA study ERP, non-PSA study Low-cost EEG, non-PSA study
nil nil [8,11,12,19,25-28] nil
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set-up time than traditional complex, bulky, and costly clinical equipment. Low-
cost EEG headsets, such as the EMOTIV Epoc +, have been used for ERP re-
search in recent years. The accuracy of the technology of this device has been
validated by independent studies many times over [29-31].

To the knowledge of the researchers, this is the first time that low-cost EEG
equipment has been used to study the effects of PSA on emotion-cognition ab-
normalities in individuals with HPSA. The results of this research might be critical
to the plausible neural mechanisms for the struggle that HPSA individuals face
in selecting their responses during anxiety. This study hypothesizes abnormali-
ties in the modulation of emotions during cognition at the N200 and P200 win-
dows in the HPSA group.

MATERIALS AND METHODS

Materials and methods used in the study are summarized in the flow chart in
Fig. 1 below.

| Public Speaking Anxiety Scale Questionnaire Distribution (100 students) l

v

Screening for the low PSA and high PSA group and Participant Recruitment (12 LPSA and 12 HPSA)

v

| Conducting the Emotion-Cognition Eriksen-Flanker Task ‘

. v
’ RT Data Analysis ‘ I EEG Preprocessing ]1—
B

Clean EEG Data?

ERP Analysis |

R Y S

Data Interpretation

Fig. 1. Flow chart summarizing the materials and methods used in the study
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Table 2. Participant demographic characteristic

LPSA HPSA
n or mean SD n or mean SD Z/t p-value
Gender (m/f) 5/7 6/6 -0.40 0.68
Age 21.33 0.49 21.58 1.31 -0.62 0.54
Participants

Atotal of a hundred undergraduates of the Faculty of Electronic and Computer
Engineering (FKEKK), Universiti Teknikal Malaysia (UTeM), participated in the
Public Speaking Anxiety Scale (PSAS) questionnaire [2] to assess the level of
severity of their PSA. Following a screening, twelve students suffering from high
PSA and twelve students with low PSA (matched for gender and age) were in-
cluded in the EEG experiment. The demographic characteristics of the groups
are presented in Table 2.

Written informed consent was attained from all participants following the ex-
planation of the objective and nature of the experiment. The study was approved
by the Ethics Committee of Universiti Teknikal Malaysia Melaka (Jawatankuasa
Etika (Manusia) Penyelidikan, UTeM). The authors affirm that all procedures per-
formed in this study comply with the relevant national and institutional commit-
tees' ethical standards on human experimentation and with the Helsinki Declaration
of 1975, as revised in 2013.

Exclusion criteria for all participants include any previous psychiatric disorder
or treatment, current substance abuse or dependence, the presence of major
somatic or neurological conditions, color blindness, and history of reading and
learning disorder. Handedness was assessed with the revised short-form of the
Edinburgh Handedness Manual [32]. All participants had normal to the corrected-
to-normal vision and were native speakers of the Malay language.

The severity of PSA symptomatology was assessed with the Public Speaking
Anxiety Scale (PSAS) (Bartholomay and Houlihan 2016). PSAS was developed
to measure cognitive, behavioral, and physiological dimensions of fear-related
responses to public speaking. The questionnaire is a highly reliable and valid
measure to assess PSA. The PSAS is a 17-item self-report measure where re-
sponses were measured in a Likert-format with a score ranging from a minimum
value of 1 “not at all” to a maximum value of 5 “extremely.” Total scores on this
scale range from a value of 17 to 85. There are five items on this scale that are
reverse coded.

Paradigm and Task
The paradigm of this study was adapted from [12]. Stimuli consisted of three
emotional, PSA-related words [33] or neutral words appearing at the center of
the screen. Participants were instructed to identify the ink color of a centrally pre-
sented target word while ignoring the color of the irrelevant flanker words above and
below the target word by pressing a keypad button. Flanker and target colors could
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Fig. 2. A schematic illustration of the emotion-cognition Flanker paradigm in the emotional (a) con-
gruent and (b) incongruent conditions, adapted from [12]

be identical or different, creating congruent and incongruent trials. A schematic illus-
tration of the emotional-cognition Flanker paradigm is featured in Fig. 2.

The stimuli words were presented in the native language of the participants
(Malay language) because studies have shown higher interference in native
speakers compared to non-native speakers of word stimuli [34,35]. Further, lan-
guage proficiency has been found to influence results in the Stroop task [36,37].

A total of 256 stimuli delivered in 4 blocks were presented in a pseudo-random
order with the condition that no color appeared twice in succession. Participants
were instructed to respond to the ink color of the middle word as quickly and as
precise [38] as possible by pressing one of the four horizontally aligned keys,
standing for the four ink colors. The displayed stimulus in each trial was termi-
nated after each response. The next stimulus appeared 1500 ms after the pre-
vious response. Upon completion of each block, a minimum of three minutes
rest period was allocated.

EEG Recording

The EEG recording was acquired using the EMOTIV EPOC+ 14 channel EEG
system and Emotiv Pro software. EEG recording was implemented in a noise
attenuated and dark room. Continuous EEG was recorded from 14 monopolar
felt-based gold-plated electrodes placed approximately in locations AF3, AF4, F3,
F4,F7,F8,FC5, FC6,T7, T8, P7, P8, O1, O2 according to the Modified Combina-
torial Nomenclature for the 10-20 positioning system [39]. During recording, all
electrodes were referenced to common mode sense (CMS) while driven right leg
(DRL) served as the ground. Data collection was performed at a sampling rate of
128 Hz, with the impedances being kept below 5kQ for all recordings.
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Stimuli were presented with Presentation (Neurobehavioral Systems). Before
the actual task, a color-to-key acquisition session and a practice session were
conducted for all participants. The color-to-key practice was designed to help
participants rehearse and memorize the color mapping of the buttons on the re-
sponse keypad. After the color-to-key acquisition session, participants were
given a practice session with ten trials not presented during the actual task.

EEG Pre-processing

EEG data were bandpass filtered (0.3 — 30 Hz). The method discussed in [31]
was applied to solve timing drift and jitter issues experienced during EEG record-
ing. With automatic detection of an amplitude criterion of £ 80 yV and visual veri-
fication, intervals containing muscle movements and artefacts in any EEG
channel were not included for analysis. ICA was performed for eye movements
and blinks correction. Epochs of 1700 ms (200 ms pre to 1500 post-stimulus)
were constructed for each condition after re-referencing to common average ref-
erence. These were then evaluated for ERP analysis [40,41]. Lastly, a baseline
correction with a period of 150 ms pre-stimulus was performed. EEG prepro-
cessing was performed using EEGLAB [42—45] and ERPLAB [486].

Statistical Analysis

In compliance with the sphericity requirement of the repeated measures
ANOVA, the adjusted Greenhouse-Geisser correction to the univariate repeated
measures ANOVA, p-values, the unadjusted degrees of freedom and epsilon val-
ues were reported in this study. Multiple comparisons were conducted with Bon-
ferroni t as it is robust to violations of sphericity [47] and its applicability regardless
of the significance of the F test [48—51]. The statistical analyses of this study uti-
lized the STATISTICA 8.0, SPSS version 20, and MATLAB R2019b. Moreover,
all bar graphs in this paper reported the 95% confidence interval [52].

Behavioral Data
Mean RT and error rates were calculated for every subject. Repeated meas-
ures, mixed-design ANOVA were performed on the RT and accuracy data, with
stimulus type as the within-subjects factor (with factors emotion (neutral, PSA-
related) and congruence (congruent, incongruent)) and group (HPSA, LPSA) as
the between-subijects factor.

Event-Related Potentials

After the removal of artefacts, ERPs for correct response trials were averaged
for each subject and condition. The number of trials ranged from 40 to 64 for
each condition. The main effects or interactions did not differ significantly across
the various conditions [group effect; Fi. = 0.06, partial n? = <0.01, p = 0.82].

The ERP effects investigated in this study were the N200 fronto-central nega-
tive deflection in the incongruent, compared to the congruent trials across all le-
vels of emotion and the P200 fronto-central emotional modulation. The mean
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——HPSA Neutral Congruent
P200 N200 HPSA Neutral Incongruent
——HPSA Emotional Congruent
HPSA Emotional Incongruent

(a)

— LPSA Neutral Congruent
— LPSA Neutral Incongruent
16 P200 N200 —— LPSA Emotional Congruent
LPSA Emotional Incongruent

(b)

Fig. 3. The ERP grand average wave (unit in pV) at pooled frontocentral electrodes in the incon-
gruent and congruent, neutral, and emotional conditions for (a) HPSA and (b) LPSA subjects. Time
frames highlighted in blue are the P200 (197.7-247.7 ms) and N200 (256.3 - 306.3 ms) windows

pooled amplitude of the frontocentral electrodes (FC5, FCB6, cf. [14,53,54]) was
used as the dependent variable.

Based on previous literature findings, the N200 (256.3 - 306.3 ms; peak at 281.3
ms) and the P200 (197.7-247.7 ms; peak at 222.7 ms) time windows, illustrated
in Fig. 3 were investigated.

The N200 and P200 windows were defined as + 25 ms from the two highest
peaks amplitude of the grand-average difference wave of the LPSA and HPSA
groups. The mean amplitudes at each window (P200 and N200) at the pooled
fronto-central electrodes for each stimulus type (congruence,emotion) were cal-
culated and analyzed with repeated measures, mixed-design analysis of vari-
ance (ANOVA).
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RESULTS AND DISCUSSION

Abnormal emotion-cognition interactions may be pivotal, in the dysfunctions
associated with PSA [55]. Current research has shown behavioral impairments
in individuals suffering from HPSA affecting their education, work and social lives.
Nevertheless, the time windows and brain regions relating to the dysfunctions
have yet been attained. In addressing the gaps of previous studies, this study
compared the RT and ERP at the P200 and N200 windows during the ECEF
task in HPSA and LPSA subjects.

Behavioral Data

Error Rates

Mixed ANOVA revealed significant emotion x congruence interaction effect
[F(1,22) =7.17, GG Epsilon = 1.00, partial n?=0.24, p = 0.01]. Bonferroni t showed
significant higher error rate in the incongruent neutral condition compared to the
congruent neutral condition in the LPSA group [t (32.71) = 2.04, p = 0.02] illus-
trated in Fig. 4 (a).

On average, LPSA subjects had higher error rates (1.99 £ 0.42)% compared
to HPSA subjects (1.43 £ 0.42)%, although the mixed ANOVA revealed non-sig-
nificant group effect [F (1,22) = 0.86, partial n?= 0.04, p = 0.36]. All analyses per-
formed henceforth exclude error responses.

Reaction Time

We found a significant behavioral Flanker effect (Equation 1) across the groups
[F(1,22) = 103.5412, GG Epsilon = 1.00, partial n>= 0.8248, p <.01]. On average,
congruent trials were responded faster (884.423 ms, SE 68.326) than incongruent
trials (1153.115 ms, SE 81.76) across all emotional conditions.The effect is illus-
trated in Fig. 4 (b). This significant behavioral Flanker effect demonstrated conflict
elicited by the task. The Flanker effect was higher in HPSA (131.848 ms) compared
to LPSA (106.758 ms).Based on Table 3, the HPSA subjects (1067.51 + 65.78) ms
were on average slower than the LPSA subjects (947.49 + 65.78) ms, although
the mixed ANOVA showed non-significant group effect [F (1,22) = 1.66, partial
n2 = 0.07, p = 0.21]. HPSA group has the highest Flanker Effect in the emotional
PSA-related condition.

Equation 1
Flanker Effect = RT Incongruent — RT Congruent

The significantly higher error rate in the incongruent compared to the congru-
ent neutral condition in LPSA subjects suggests an increased focus on the emo-
tional condition in LPSA subjects. Furthermore, the lower error rates in the HPSA
group, especially in the incongruent emotional condition suggest increased at-
tention in these conditions. This study highlights increased attention in HPSA in-
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Fig. 4. Behavioral Flanker Effect

Table 3. Averaged RT in for each emotional and congruence condition for the HPSA and LPSA
subjects

Group Condition RT (ms) SE (ms) Flanker Effect (ms)
LPSA Neutral Congruent 903.796 59.588 110.189
LPSA Neutral Incongruent 1013.986 72.313 )

LPSA PSA Congruent 884.423 68.326 103.326
LPSA PSA Incongruent 987.749 81.761 )

HPSA Neutral Congruent 990.502 59.588 123247
HPSA Neutral Incongruent 1113.749 72.313 )

HPSA PSA Congruent 1012.665 68.326 140 450
HPSA PSA Incongruent 1153.115 81.761 )
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dividuals in the task and to the emotional content of the stimuli, resulting in higher
response accuracy. It seems possible that these results are due to the power of
the PSA-related words to capture visual attention in HPSA individuals.

The significant Flanker effect found in this study demonstrates conflict elicited by
the stimuli. The Flanker effect was significant across the groups; however, the effect,
on average, is higher in HPSA subjects. Further, we found that the emotional inducing
PSA-related words impaired conflict processing in HPSA individuals, but accelerated
conflict processing in LPSA subjects. The expedited conflict processing in healthy
subjects in the emotional condition was also found in [12]. Moreover, previous studies
have reported similar emotional-related impairment during cognitive control in sub-
jects suffering from depression, anxiety, and schizophrenia [8,54].

The observed deficiency may be explained with the idea that HPSA individuals
may require higher RT in comparison to LPSA individuals in the incongruent condition
due to their struggle to inhibit irrelevant responses, especially in PSA-inducing con-
ditions. This impairment may be due to the power of the emotional stimuli to attract
and retain their attention, thus preventing cognitive control. The error rates and RT
findings showed increased attention in HPSA individuals to the PSA-related stimuli
causing them to be cautious in getting the correct answer; however, this resulted in
increased RT in the incongruent condition, even when the stimuli are not PSA-related.

ERP Data

Reversed N200 Conflict Effect in HPSA Group
There was a trend towards significant increased frontocentral amplitude in
the incongruent items in contrast to congruent items, at the N200 window [F (1,22)
=3.09, GG Epsilon = 1.00, partial n?=0.12, p = 0.09]. Fig. 5 (a) illustrates reversed
frontocentral negativity in HPSA but not in LPSA subjects. Detailed averaged
amplitude for each condition is described in Table 4.

The N200 Flanker Effect The P200 PSA Effect
10 1.6 ¢ I Neutral
[2] Emotional (PSA)
08 14 p=0036

06 Congruent 12

& Incongruent 10

02 08

00 06

04
0.2

02

Mean Amplitude (V)

Mean Amplitude (uV)

0.4
0.0
08
02
08
04

HPSA LPSA 0.6

1.0

HPSA LPSA
(a) b)

Fig. 5. ERP Responses Describing the ERP Flanker-related components at the N200 and P200 in
HPSA and LPSA subjects. (a) Increased amplitude in the incongruent (white) as compared to the
congruent (black) items in HPSA at the N200 window and (b) Increased amplitude in the emotional
(white) as compared to the neutral (black) items which were significant in LPSA at the P200 window

436



Feroz et al. Impaired Emotion-Cognition Interaction During Public Speaking Anxiety

Table 4. The ERP N200 amplitudes for each emotional and congruence condition for the HPSA
and LPSA subjects

Group | Condition Mean Amplitude (uV) SE (uVv) N200 FlankerEffect (uV)
LPSA | Neutral Congruent -0.151 0.342 -0.154

LPSA | Neutral Incongruent -0.305 0.371 )

LPSA | PSA Congruent 0.0403 0.308 0.016

LPSA | PSA Incongruent 0.0247 0.272 )

HPSA | Neutral Congruent -0.177 0.342 0304

HPSA | Neutral Incongruent 0.127 0.371 )

HPSA | PSA Congruent -0.122 0.308 0456

HPSA | PSA Incongruent 0.333 0.272 )

The results of the study showed significant N200 conflict modulation across
groups in both emotional conditions. Detailed investigation revealed that the av-
eraged N200 conflict effect was reduced in the emotional compared to the neutral
items in LPSA subjects. The N200 conflict was decreased in the HPSA group,
similar to the findings of [8] in anxious subjects. Interestingly, reversed N200 con-
flict modulation was observed in the HPSA group in this study. Amplitudes were
more positive in the incongruent compared to the congruent condition, with in-
creased reversed N200 conflict modulation in the emotional condition. Conse-
quently, we speculate decreased ERP N200 conflict negativity to be related to
reduced attentional resources used to solve conflict processing in HPSA sub-
jects. This combination of findings supports the conceptual premise that in the
case of HPSA subjects, there is an emotional interference by the PSA-related
stimuli content that could be related to attention bias during conflict processing,
causing impaired cognitive control at the N200 window.

Significant Higher Amplitude in the Emotional Condition in LPSA at P200

There was a significant emotional modulation effect at the P200 window [F (1,22)
=7.59, GG Epsilon = 1.00, partial n?=0.26, p = 0.01]. On average, the amplitude
is higher in the emotional (0.75 £ 0.17) uV compared to the neutral (0.45 + 0.23)
MV conditions as illustrated in Fig. 5 (b). Further multiple comparison Bonferroni ¢
revealed the modulation was significant in the LPSA group [t (25.52) = 2.06, p =
0.036] but not in the HPSA group.

Thus, emotions modulated the P200 window in LPSA but not HPSA subijects.
Increased amplitude in the emotional condition in contrast to the neutral condition
was significant in this group. In line with the findings of this study, [18,19] showed
increased P200 amplitude in negative compared to neutral trials in healthy sub-
jects. Furthermore, the findings of this study corroborates the ideas of [56] that
the interference of negative stimuli increased P200 amplitude compared to pos-
itive stimuli in healthy subjects. We speculate that increased attention to the PSA-
related words caused increased P200 amplitude in the LPSA group compared
to neutral words. HPSA subjects, however, seem to process neutral stimuli sim-
ilar to emotional stimuli at this window. It can thus be suggested that, similar to
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Fig. 6. Scatterplot shows decreased P200 amplitude correlated to higher RT in HPSA subjects

[57], anxious arousal in individuals with anxiety is associated with P200 and is
not specific to anxiety-inducing stimuli.

Brain-Behavior Interrelations

In the HPSA group, the P200 ERP data was negatively correlated with mean
RT in the neutral congruent condition (r=-0.66, p = 0.02), see also Fig. 6. HPSA
subjects with less P200 fronto-central amplitudes required a longer time to re-
solve the modified Flanker task in the neutral, congruent condition.

Increased P200 amplitude is associated with reduced performance in HPSA
subjects. Increased attention to neutral words reduced performance. Indubitably,
the P200 emotional dysmodulation in HPSA subjects, linked to impaired per-
formance, has been added to the current literature.

Limitation and Future Direction

While acknowledging the outcome of the study, it should be noted that larger
sample sizes would afford increased power to detect significant emotion x con-
gruence interaction effect in RT and the N200 and P200 ERP analysis.

The findings of the study provide a benchmark for detecting aberrant time
windows and abnormalities in the modulations of emotion during cognition for
future anxiety studies. Notably, the experiment could be extended to participants
with other sub-types of anxiety, such as mathematics anxiety and examination
anxiety, to unveil the neurobiology and neuropsychiatry aspects of emotion-cog-
nition interaction deficiencies in these debilitating conditions.
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CONCLUSION

This study revealed the biomarkers of emotion-cognition abnormalities in
HPSA individuals, detected with the Emotiv EPOC+. Impaired conflict processing
in PSA-related conditions were identified at the N200 and P200 windows. Emo-
tional dysmodulation during conflict was detected at the P200 window in HPSA
individuals. Decreased ERP activity occurring at the P200 window within the
fronto-central region in the HPSA subjects is associated with increased RT in the
neutral congruent condition. At the N200 window, HPSA subjects produced re-
versed N200 ERP Flanker conflict effect, speculated to be related to impaired cog-
nitive control due to emotional interference by the PSA-related stimuli content.

The results of this study provide new insights into the time window and brain
regions involved in the emotion-cognition impairment in HPSA subjects, which
may be relevant for understanding the neural mechanisms underlying the dis-
turbances of HPSA individuals in selecting their responses in highly-charged
emotional-cognitive situations.

Ethics approval and consent to participate

Written informed consent was attained from all participants following the ex-
planation of the objective and nature of the experiment. The study was approved
by the Ethics Committee of Universiti Teknikal Malaysia Melaka (Jawatankuasa
Etika (Manusia) Penyelidikan, UTeM). The authors affirm that all procedures per-
formed in this study comply with the relevant national and institutional commit-
tees' ethical standards on human experimentation and with the Helsinki Declaration
of 1975, as revised in 2013.
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List of Abbreviations

ACC - anterior cingulate cortex

ANOVA — Analysis of Variance

CMS — common mode sense

DRL — driven right leg

EEG - electroencephalography

ECEF — Emotion-Cognition Flanker Experiment
ERP — event-related potentials

f — female

FKEKK — Faculty of Electronic and Computer Engineering
H — high

HPSA — high public speaking anxiety

L — low
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LPSA — low public speaking anxiety

m — male

ms — millisecond

PSA — public speaking anxiety

PSAS — Public Speaking Anxiety Scale

RT — reaction time

SE — standard error

UTeM — UniversitiTeknikal Malaysia Melaka
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