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Analysis of brain signals and their properties provides valuable information
regarding the underlying neural deficiencies and enables the diagnosis of
attention bias related to public speaking anxiety (PSA). Although 25%
people around the world suffer from PSA, currently, there exists a lack of
standard assessment in diagnosing the severity of attention bias in individuals
with PSA. This study aims to distinguish behavioral and neural abnormalities
related to attentional bias during PSA by comparing reaction time (RT) and
event-related potential (ERP) correlates of high (H) PSA and low (L) PSA
individuals. 12 individuals suffering from HPSA and 12 individuals with
LPSA participated in the modified emotional Stroop experiment.
Electroencephalography (EEG) was recorded with the low cost, 14-channel
Emotiv Epoc+. RT showed slower responses, linked to attentional deficits in
HPSA individuals. ERP results revealed the P200 emotional Stroop
biomarker, found to be linked to attentional bias in HPSA, but not in LPSA
individuals. These results revealed significant RT and P200 ERP
abnormalities related to attentional bias in HPSA individuals using the low-
cost Emotiv Epoc+.
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1. INTRODUCTION

Individuals suffering from public speaking anxiety (PSA) may experience impaired critical thinking
skills and cognitive performance, resulting in mediocre academic performance, limited career opportunities
and low quality of life [1]-[3]. Among the most common reasons behind this type of anxiety are fear of
committing errors, incompetencies in the spoken language, fear of being negatively evaluated and fear of
rejection [4], [5]. Eventhough PSA is highly prevalent in our modern society [6]-[8], there exists a lack of
standard evaluation, or biomarkers to detect attention bias related to PSA [6], [9]. Standard self-assessment
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tools such as [6] only evaluates behavioral aspects of PSA, neglecting the underlying neural deficiencies that
allows for a more direct assessment of the dysfunction, in comparison to behavioural measures alone.

The objective of current study is to detect behavioral and neural abnormalities associated with
attentional bias in high public speaking anxiety (HPSA) individuals with the emotional Stroop
electroencephalography (EEG) experimental paradigm. The P200 event-related potential (ERP) component,
found in emotional Stroop studies, recognized by an upward deflection that occurs about 200 ms after
stimulus, is sensitive to the emotional meaning of words and has been linked to attention bias in patients with
anxiety [10], [11]. Furthermore, the P200 has been identified as a biomarker [12] for attention-bias related
impairment in patients with depression.

Increased P200 amplitude has also been found to be associated with emotional relative to neutral
stimuli in experimental studies such as [13]-[15]. Neuroscientists have found more evidence of P200 related
to increased intensity during emotions [16] by linking anxious arousal to pronounced P200 in panic disorders.
The findings from these experiments are important in establishing the P200 biomarker to attention bias in
GAD and panic disorders.

Although much investigation has been done in identifying biomarkers in anxiety and other mental
health related disorders [17], [18], up to now, no biomarkers in relation to attentional bias has been
established in PSA studies. ERP experiments for the emotional Stroop task has never been conducted to
study attentional bias in subjects suffering from HPSA [13], [19], [20]. This is of a primary concern because
attentional bias is at the heart of our understanding of PSA.

Thus, no investigation has been conducted to determine the exact timing and brain areas associated
with PSA deficits during attention bias. This paper hypothesized that exposure to anxiety-related words
would result in increased attention bias, resulting in increased RT and aberrant P200 modulation in HPSA
individuals.

2. RESEARCH METHOD
2.1. Related work

Several methods have been used to study the underlying neural deficiencies of attention bias during
anxiety. The superior temporal resolution of EEG compared to other technologies such as functional
magnetic resonance imaging (FMRI) and positron emission tomography (PET) is a significant advantage [21],
[22] in cognitive experimental studies such as this. One method of investigating the neural activation of
attention bias during anxiety is by examining the ERPs. ERP allows the EEG recording to reflect the
modulations of brain activity moment-by-moment, which is critical in the paradigm of the study. To justify
the methodology of this study, a summary table of current studies of mental health disorders and the
methodology implemented is featured in Table 1.

Table 1. Summary of current studies of mental health disorders and the implemented methodology

Study Type of Study / Disorder Methods/Tools used Findings

[23] Investigation of the underlying neural Event-related potentials ERP results showed the Late Positive
processes of attentional bias modification in (ERP) Potential reflects the clinical benefits of
Anxiety attention bias modification intervention

[24] Classification of autism spectrum disorder Machine learning Accuracy of 94% in the classification of
(ASD) EEG/facial thermography ASD

[25] Multimodal attentional bias detection in Event-related potentials The N170 component was modulated by
anxiety (ERP) both auditory and visual stress signals

[11] Neural modulations of attentional bias during  Event-related potentials P200 component was related to attention
anxiety (ERP) bias in aubjects with anxiety

[18] Investigation of neural abnormalities during Event-related potentials Abnornalities in the N450 and late
emotion-cognition interaction in patients (ERP) negativity component in patients with
with schizophrenia Schizophrenia

[26] Neural correlates of emotional face Event-related potentials The early posterior negativity (EPN) is
processing (ERP) involved in the processing of emotional

content in facial expressions

2.2. Participants

A total of 100 Bachelor of Electronic Engineering students of Universiti Teknikal Malaysia Melaka
(UTeM) were assessed for the severity level of their PSA using the public speaking anxiety scale (PSAS) [6]
questionnaire. The participants were recruited via Google online forms. After screening, twelve subjects with
highest PSAS scores (HPSA) and twelve with lowest PSAS scores (LPSA), matched with respect to age and
gender were selected to participate in the EEG experiment. Handedness was evaluated with the shorter
version of the Edinburgh Handedness manual [27], [28] and only right-handed participants were selected.
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All subjects gave their written consent prior to 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 performed in this study comply with the ethical standards of
the relevant national and institutional committees on human experimentation and with the Helsinki
Declaration of 1975, as revised in 2013.

Previous psychiatric disorders or treatment, current substance abuse or dependence, the presence of
major somatic or neurological disorders, colour blindness, and a history of reading and learning disorder
were the exclusion criteria for all participants. Only Malay language native speakers were chosen as
participants in this study, due to the nature of the stimuli.

2.3. Task and procedure

Prior to the actual experiment, a practice session and a color-to-key learning session were performed.
The color-to-key session was designed to assist participants in rehearsing and memorizing the color mapping of
the response keys. Participants performed the assignment manually, using the right index and middle finger for
the blue and yellow colors respectively, and their left middle and index finger for the red and green colors. Next,
participants were given a practice session with 41 Stroop trials that were not presented during the actual task.

Two blocks of stimuli, consisting of 60 neutral words and 60 emotional, PSA-related words were
presented in a pseudo-random order. The stimuli words, adapted from [29] were presented in the Malay
language. Stimuli words were horizontally aligned at the center of the screen. Words such as book and cloud
were examples of the neutral stimuli and words such as critic and stutter were examples of the emotional
stimuli. Participants were instructed to press the the response keys that matches the ink color of the emotional
or neutral word as quickly and as accurately as possible [18], [30].

Each trial started with a fixation cross shown at the center of the screen for a duration of 500 ms.
Then, a stimulus was presented and remained on the screen until the participant initiated a response.
Following the response, the next fixation point remained on screen for 1500 ms, as illustrated in Figure 1.
Participants were instructed to keep their eyes fixated on the monitor and fingers resting on the response keys
during the entire experiment. A minimum of 3 minutes rest period was allocated after each block in this study

to reduce lingering emotional effects.

- Reaction Tume (ms)
- Reaction Time (ms)

Start EDD "

Figure 1. A schematic illustration of the emotional Stroop paradigm in the emotional condition

During the study, participants sat in a dark, quiet room. The computer screen was set at a viewing
distance of 70 cm. Participants were instructed to leave all electronic devices away, sit still, restrict excessive
eye movements and remain focused on the task. NBS Presentation software documented all RT for analysis.

2.4. EEG recordings

Continuous EEG activity was recorded using the Emotiv excess post-exercise oxygen consumption
(EPOC) headset. The Emotiv EPOC produces 256 samples per second with 14 monopolar felt-based gold-
plated electrodes positioned approximately at the 10-20 positioning system locations AF3, AF4, F3, F4, F7,
F8, FC5, FC6, T7, T8, P7, P8, O1, O2 [26]. The EEG recording was acquired using the Emotiv pro software.
In Emotiv EPOCH+, electrodes F3 and F4 reflect the frontal lobe and are of significant interest in this research.
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A maodification to the Emotiv Epoc+, discussed in [26] was applied to solve timing drift. The stimuli
marking circuit unit, shown in Figure 2, consisted of a twisted-pair cable connecting the BPW34 photodiode
to the O1 and O2 electrodes separated from the scalp by rubber pads. A small white square was created at the
right bottom corner of each stimulus image and the diode was attached to the square. The white color differs
significantly in luminance, compared to the blank (black) screen and is used for stimulus detection. The
photodiode filled the square and was not visible to the participants.

Cathode — O1 electrode

Anode - O2 electrode

Figure 2. The stimuli marking circuit used in the EEG experiment

2.5. EEG preprocessing

EEG preprocessing was done with EEGLAB [31]-[34]. Raw EEG signals were bandpass filtered from
0.3 to 30 Hz. The sampling rate was 128 Hz. Artifact rejection was then performed to remove noise from
muscle movements. Eye movements and blinks were then corrected using ICA. Next, for each condition,
epochs of 1700ms were generated 200ms pre to 1500ms post-stimulus and were evaluated for ERP analysis
using ERPLAB [35]. Finally, a baseline correction with a period of 150 ms pre-stimulus was performed. The
ERPs were then averaged for each subject and condition to produce the averaged ERP waveforms for further
analysis.

2.6. Statistical analysis

In order to analyze data, repeated measures, mixed-design ANOVA were conducted on RT and ERP
data using STATISTICA 8.0, SPSS version 20, and MATLAB R2019b. Stimulus type (neutral and
emotional) was defined as the within-subjects factor and group (HPSA, LPSA) as the between-subjects
factor. In compliance to 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 values were reported throughout this paper. All multiple comparison tests conducted
in this study used the Bonferroni t method as it is robust to violations of sphericity [36].

2.7. Event-related potentials

The ERP effect investigated in this study was the P200 emotional Stroop effect. The mean pooled
amplitude of the F3 and F4 frontal electrodes was used as the dependent variable. Based on previous
literature, the P200 (150 - 250 ms; peak at 200 ms) time window, illustrated in Figure 3 was analyzed. The
P200 window was defined as + 50 ms from the two highest peaks amplitude of the grand-average difference
wave of the LPSA and HPSA groups.

nv
5 Pooled F3 F4

——HPSA Emotional
HPSA Neutral

——LPSA Emotional
LPSA Neutral

Figure 3. The average ERP waveforms of the P200 window at the pooled F3 and F4 electrodes for HPSA and
LPSA subjects, for each condition (neutral and emotional)
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3. RESULTS AND DISCUSSION
3.1. Error Rates

The mixed-design ANOVA for the error rates revealed that there were no significant differences for
any main effects or interactions across conditions [F (1, 22) =1.01, partial n> = 0.04, p = 0.33]. However, on
average, HPSA subjects made more mistakes in the emotional Stroop task with a mean error rate of 0.1083,
in comparison to LPSA subjects (mean error rate = 0.0847). Error responses were excluded in all analysis
performed henceforth [18], [29].

3.2. Reaction time (RT) analysis

It was apparent in Figure 4(a) that on average, HPSA subjects were slower in completing the
emotional Stroop task compared to LPSA subjects, indicating attentional deficits in the HPSA group. The
mean reaction time for HPSA subjects in the emotional and neutral conditions were 949.77 ms and 967.00
ms, respectfully. On the other hand, the mean reaction time for LPSA subjects was 841.10 ms in the
emotional condition and 834.59 ms in the neutral condition.

Based on the literature [22], [37], the behavioral emotional Stroop effect, defined as longer mean RT in
the emotional compared to the neutral condition measures attentional bias towards emotional words. In this
study, the emotional Stroop effect was evident in LPSA subjects but the effect was reversed in HPSA subjects.
Thus in this experiment, PSA-related emotional stimuli facilitated Stroop processing in HPSA subjects. Our
results were in line with studies such as [38], [39] implicating attention bias toward threat words facilitated the
task for the high anxiety group of subjects.The mixed-design ANOVA for RT revealed no significant
differences for any main effects or interactions across conditions [F (1, 22) =0.43, partial > = 0.02, p = 0.52].

Reaction Time Differences Between HPSA and LPSA Higher P200 Amplitude in emotional condition compared to
1100 neutral condition in HPSA but not LPSA
Sea Bl Emotional 20
1 }
KR Neutral Il Emotional
1000 | i 15} KX Neutral
__ 950 ~ 10}
g 2
s 900 % 05|
— @
" &s0| 3
> o0/
800 |
750 } 0.5}
700 -1.0
HPSA LPSA HPSA LPSA
() (b)

Figure 4. These figures are; (a) mean RT differences between HPSA and LPSA subjects in the emotional and
neutral conditions and (b) mean ERP at the pooled frontal electrodes at the P200 window indicating higher
P200 in the emotional compared to neutral conditions for HPSA but not LPSA subjects

3.3. The P200 emotional stroop effect

Figure 4(b) showed larger P200 amplitude in the emotional compared to the neutral conditions for
HPSA subjects but not for LPSA subjects, indicating the P200 emotional Stroop ERP effect in HPSA
subjects. The mean voltage amplitude in HPSA subjects for the emotional condition was 0.59 pV and 0.13
WV for the neutral condition. The mean voltage amplitude for LPSA subjects for the emotional and neutral
conditions were 1.23 pV. Although the emotional differences in amplitude between groups were apparent in
Figure 4(b), mixed-design ANOVA (emotion x group) revealed that the differences were not statistically
significant [F (1, 22) =1.15, partial n2 = 0.05, p = 0.29].

The higher P200 amplitude in the emotional relative to the neutral condition in HPSA subjects
indicated enhanced processing towards threat stimuli. Emotional-laden PSA-related cues were more salient in
HPSA subjects, indicating potential biomarker in the detection of PSA. The findings here are in line with
studies such as [13]-[15], particularly in individuals with high-trait anxiety [10], [40]. These findings have
important implications of revealing the functional significance of the P200 waveform modulations to
attention bias in HPSA subjects.

The findings of the study provide a benchmark for detecting aberrant time windows and
abnormalities related to attention bias 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 attentional bias deficiencies in these debilitating
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conditions. To generate more sophisticated premises, assumptions, speculations and predictions about
attentional bias during HPSA, source localization analysis could be performed in order to understand the time
course of the activation within brain regions involved in attention bias.

4. CONCLUSION

To date, this is the first study that showed the P200 emotional Stroop-related attentional bias in
HPSA subjects at the frontal brain region, indicating a possible biomarker in the detection of attentional bias
in HPSA individuals. At the P200 window, exposure to the anxiety-inducing words evoked higher amplitude
in the PSA-related emotional condition compared to the neutral condition in HPSA subjects, but not in LPSA
subjects. Furthermore, HPSA subjects were generally slower than LPSA subjects throughout the task.

This research was able to distinguish behavioral and neural abnormalities related to attentional bias
during PSA. The results here help the understanding of the behavioral and brain mechanisms underlying
attentional bias in individuals with PSA. It is anticipated that the results of this study may lead to future
interdisciplinary research designed to assist at the diagnosis level of attention bias in individuals with PSA.
This creates crucial implications for future practice in increasing quality of life among people of the society,
with early intervention.

ACKNOWLEDGEMENTS

We appreciate the time and effort spent on this research by the volunteers. We are also deeply
grateful to Universiti Teknikal Malaysia Melaka (UTeM) and Pusat Pengurusan Penyelidikan dan Inovasi
(CRIM) UleM for sponsoring this study [CRIM, UTeM, PJP/2019/FKEKK (3D)/S01691].

REFERENCES

[1] E. M. Bartholomay and D. D. Houlihan, “Public Speaking Anxiety Scale: Preliminary psychometric data and scale
validation,” Pers. Individ. Dif., vol. 94, pp. 211-215, May 2016, doi: 10.1016/j.paid.2016.01.026.

[2] S. I Deviand F. S. Feroz, “Oral communication apprehension and communicative competence among electrical
engineering undergraduate in UTeM,” J. Hum. Cap. Dev., vol. 1, no. 1, pp. 1-10, 2008.

[3] Carlee Arnett and Ferran Sufier, “Leveraging Cognitive Linguistic Approaches to Grammar Teaching with
Multimedia Animations,” J. Cogn. Sci. (Seoul)., vol. 20, no. 3, pp. 365-399, 2019, doi: 10.17791/jcs.2019.20.3.365.

[4] N. Ahmed, Z. H. Pathan, and F. S. Khan, “Exploring the Causes of English Language Speaking Anxiety among
Postgraduate Students of University of Balochistan, Pakistan,” Int. J. English Linguist., vol. 7, no. 2, p. 99, Jan.
2017, doi: 10.5539/ijel.v7n2p99.

[5] R. T. Azevedo, N. Bennett, A. Bilicki, J. Hooper, F. Markopoulou, and M. Tsakiris, “The calming effect of a new
wearable device during the anticipation of public speech,” Sci. Rep., vol. 7, no. 1, p. 2285, Dec. 2017, doi:
10.1038/s41598-017-02274-2.

[6] E. M. Bartholomay and D. D. Houlihan, “Public Speaking Anxiety Scale : Preliminary psychometric data and scale
validation,” Pers. Individ. Dif., vol. 94, pp. 211-215, 2016, doi: 10.1016/j.paid.2016.01.026.

[7]1 Theo Tsaousides, “Why Are We Scared of Public Speaking?,” Psychology Today, 2017.

[8] C. B. Pull, “Current status of knowledge on public-speaking anxiety,” Curr. Opin. Psychiatry, vol. 25, no. 1, pp.
32-38, Jan. 2012, doi: 10.1097/YC0.0b013e32834e06dc.

[9] E. Mértberg, M. Jansson-Fréjmark, A. Pettersson, and T. Hennlid-Oredsson, “Psychometric Properties of the
Personal Report of Public Speaking Anxiety (PRPSA) in a Sample of University Students in Sweden,” Int. J. Cogn.
Ther., vol. 11, no. 4, pp. 421-433, Dec. 2018, doi: 10.1007/s41811-018-0022-0.

[10] H. Y. Han, T. Gan, P. Li, Z. J. Li, M. Guo, and S. M. Yao, “Attentional bias modulation by reappraisal in patients
with generalized anxiety disorder: an event-related potential study,” Brazilian J. Med. Biol. Res., vol. 47, no. 7, pp.
576-583, May 2014, doi: 10.1590/1414-431X20143622.

[11] R. S. Gupta, A. Kujawa, and D. R. Vago, “The neural chronometry of threat-related attentional bias: Event-related
potential (ERP) evidence for early and late stages of selective attentional processing,” Int. J. Psychophysiol., vol.
146, pp. 20-42, Dec. 2019, doi: 10.1016/j.ijpsycho.2019.08.006.

[12] B. Hu et al., “Emotion Regulating Attentional Control Abnormalities In Major Depressive Disorder: An Event-
Related Potential Study,” Sci. Rep., vol. 7, no. 1, p. 13530, Dec. 2017, doi: 10.1038/s41598-017-13626-3.

[13] S.J. Thomas, S. J. Johnstone, and C. J. Gonsalvez, “Event-related potentials during an emotional Stroop task,” Int.
J. Psychophysiol., vol. 63, no. 3, pp. 221-231, 2007, doi: 10.1016/j.ijpsycho.2006.10.002.

[14] P. Kanske, J. Plitschka, and S. a. Kotz, “Attentional orienting towards emotion: P2 and N400 ERP effects,”
Neuropsychologia, vol. 49, no. 11, pp. 3121-3129, 2011, doi: 10.1016/j.neuropsychologia.2011.07.022.

[15] G. Ran and X. Chen, “The Impact of Top-Down Prediction on Emotional Face Processing in Social Anxiety,”
Front. Psychol., vol. 8, Jul. 2017, doi: 10.3389/fpsyg.2017.01269.

[16] J. E. Fisher et al., “Time course of processing emotional stimuli as a function of perceived emotional intelligence,
anxiety, and depression.,” Emotion, vol. 10, no. 4, pp. 486-497, 2010, doi: 10.1037/a0018691.

Indonesian J Elec Eng & Comp Sci, Vol. 24, No. 1, October 2021: 253 - 259



Indonesian J Elec Eng & Comp Sci ISSN: 2502-4752 a 259

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]
[27]

(28]

[29]

[30]

[31]

(32]

[33]

[34]
[35]
[36]
[37]

[38]

[39]

[40]

P. Kanske and S. A. Kotz, “Effortful control, depression, and anxiety correlate with the influence of emotion on
executive attentional control,” Biol. Psychol., vol. 91, no. 1, pp. 88-95, 2012, doi:10.1016/j.biopsycho.2012.04.007.
F. S. Feroz, G. Leicht, J. Rauh, and C. Mulert, “The Time Course of Dorsal and Rostral-Ventral Anterior Cingulate
Cortex Activity in the Emotional Stroop Experiment Reveals Valence and Arousal Aberrant Modulation in Patients
with Schizophrenia,” Brain Topogr., vol. 32, no. 1, pp. 161-177, Jan. 2019, doi: 10.1007/s10548-018-0677-0.

N. W. Hennessey, E. Dourado, and J. M. Beilby, “Anxiety and speaking in people who stutter: An investigation
using the emotional Stroop task,” J. Fluency Disord., 2014, doi: 10.1016/j.jfludis.2013.11.001.

R. J. Davidson, J. R. Marshall, A. J. Tomarken, and J. B. Henriques, “While a phobic waits: regional brain
electrical and autonomic activity in social phobics during anticipation of public speaking,” Biol. Psychiatry, vol. 47,
no. 2, pp. 85-95, Jan. 2000, doi: 10.1016/S0006-3223(99)00222-X.

A. M. Beres, “Time is of the Essence: A Review of Electroencephalography (EEG) and Event-Related Brain
Potentials (ERPs) in Language Research,” Appl. Psychophysiol. Biofeedback, vol. 42, no. 4, pp. 247-255, Dec.
2017, doi: 10.1007/s10484-017-9371-3.

F. S. Feroz, “Time Course of the Dorsal and Rostral-Ventral Anterior Cingulate Cortex Reveals the Influence of
Emotional Valence and Arousal on Cognitive Control in Healthy Subjects and Patients With Schizophrenia,”
University of Hamburg, 2018.

D. Pan, Y. Wang, Z. Lei, Y. Wang, and X. Li, “The altered early components and the decisive later process
underlying attention bias modification in social anxiety: evidence from event-related potentials,” Soc. Cogn. Affect.
Neurosci., vol. 14, no. 12, pp. 1307-1316, Dec. 2019, doi: 10.1093/scan/nsz098.

D. Haputhanthri et al., “Integration of Facial Thermography in EEG-based Classification of ASD,” Int. J. Autom.
Comput., vol. 17, no. 6, pp. 837-854, Dec. 2020, doi: 10.1007/s11633-020-1231-6.

J. A. Andrzejewski and J. M. Carlson, “Electrocortical responses associated with attention bias to fearful facial
expressions and auditory distress signals,” Int. J. Psychophysiol., vol. 151, pp. 94-102, May 2020, doi:
10.1016/j.ijpsycho.2020.02.014.

K. Kotowski, K. Stapor, J. Leski, and M. Kotas, “Validation of Emotiv EPOC + for extracting ERP correlates of
emotional face processing,” Biocybern. Biomed. Eng., vol. 38, no.4, 2018, doi: 10.1016/j.bbe.2018.06.006.

R. C. Oldfield, “The assessment and analysis of handedness: The Edinburgh inventory,” Neuropsychologia, vol. 9,
no. 1, pp. 97-113, Mar. 1971, doi: 10.1016/0028-3932(71)90067-4.

J. F. Veale, “Edinburgh Handedness Inventory - Short Form: A revised version based on confirmatory factor
analysis,” Laterality Asymmetries Body, Brain Cogn., vol. 19, no. 2, pp. 164-177, Mar. 2014, doi:
10.1080/1357650X.2013.783045.

Mandeville MY, “Using a Unique Cognitive Approach--A Variation of the Stroop Test--in the Identification and
the Measurement of Public Speaking Anxiety,” Annu. Meet. Speech Commun. Assoc., 1994.

F. S. Feroz, G. Leicht, S. Steinmann, C. Andreou, and C. Mulert, “The Time Course of Activity within the Dorsal
and Rostral-Ventral Anterior Cingulate Cortex in the Emotional Stroop Task,” Brain Topogr., vol. 30, no. 1, pp.
30-45, Jan. 2017, doi: 10.1007/s10548-016-0521-3.

A. Delorme, J. Palmer, J. Onton, R. Oostenveld, and S. Makeig, “Independent EEG Sources Are Dipolar,” PL0S
One, vol. 7, no. 2, p. e30135, Feb. 2012, doi: 10.1371/journal.pone.0030135.

A. Delorme and S. Makeig, “EEGLAB: an open source toolbox for analysis of single-trial EEG dynamics including
independent component analysis,” J. Neurosci. Methods, vol. 134, no. 1, pp. 9-21, Mar. 2004, doi:
10.1016/j.jneumeth.2003.10.009.

S. Makeig and J. Onton, “ERP features and EEG dynamics: An ICA perspective,” in Oxford Handbook of Event-
Related Potential Components, S. J. Luck and E. S. Kappenman, Eds. 2011, doi:
10.1093/oxfordhb/9780195374148.013.0035.

J. Onton and S. Makeig, “Information-based modeling of event-related brain dynamics,” in Progress in Brain
Research, vol. 159, 2006, pp. 99-120, doi: 10.1016/S0079-6123(06)59007-7.

J. Lopez-Calderon and S. J. Luck, “ERPLAB: an open-source toolbox for the analysis of event-related potentials,”
Front. Hum. Neurosci., vol. 8, Apr. 2014, doi: 10.3389/fnhum.2014.00213.

S. Maxwell, “Pairwise multiple comparisons in repeated measures designs,” J. Educ. Behav. Stat., vol. 5, no. 3, pp.
269-287, 1980, doi: 10.2307/1164969.

I. H. Gotlib and C. D. McCann, “Construct accessibility and depression: an examination of cognitive and affective
factors,” J. Pers. Soc. Psychol., vol. 47, no. 2, pp. 427-39, Aug. 1984, doi: 10.1037//0022-3514.47.2.427.

G. Andersson, R. Bakhsh, L. Johansson, V. Kaldo, and P. Carlbring, “Stroop Facilitation in Tinnitus Patients: An
Experiment Conducted via the World Wide Web,” CyberPsychology Behav., vol. 8, no. 1, pp. 32-38, Feb. 2005,
doi: 10.1089/cph.2005.8.32.

T. M. Sutton and J. Altarriba, “Finding the positive in all of the negative: Facilitation for color-related emotion
words in a negative priming paradigm,” Acta Psychol. (Amst)., vol. 170, pp. 84-93, Oct. 2016, doi:
10.1016/j.actpsy.2016.06.012.

S. Yang et al., “The electrophysiology correlation of the cognitive bias in anxiety under uncertainty,” Sci. Rep., vol.
10, no. 1, p. 11354, Dec. 2020, doi: 10.1038/s41598-020-68427-y.

Attentional bias during public speaking anxiety revealed using event-related... (Farah Shahnaz Feroz)



