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The role of electroencephalography (EEG) in the development of brain-computer interface (BCI) technology is increasing.
In particular, the importance of the analysis of event related potential (ERP) in various situations is becoming more
significant in BCI technology. Studies on past maze and fire situations have been difficult due to risks and realistic
problems. Nowadays, according to the development of virtual reality (VR) technology, realistic maze and fire situation
can be realized. In this study, ERPs (P300, and evented related negativity) were analyzed to collect objective data on case
determination in an emergency situation. In order to overcome the limitations of previous methods that evaluating the
EEG frequency change, ERPs were derived by setting epochs for stimulation and standardizing them, and evaluated for
ERPs in this study. P3a and P3b, which are subcomponents of P300, were analyzed and the evented related negativity
(ERN) was analyzed together with error positivity (Pe). As a result of the study, statistically significant changes of ERPs
were observed, this result, which has little related research, is considered to be meaningful as medical basic statistics.
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brain-computer interface (BCI) that processes inputs and

INTRODUCTION

outputs is required, but BCI technology has not been fully
developed (Ricardo and Antonio, 2009). BCI needs to enable

The concept of virtual reality (VR) is similar to reality but

the brain of users not only to give orders to computers but

is an artificially-created environment. Devices that implement

also to read the messages of computers. In other words,

virtual reality are used as a means of giving users an experi-

two-way data communications between a computer and the

ence taking place within simulated environments. Technol-

brain should be realized. Some earlier studies succeeded in

ogies of virtual reality have been developed since 1980 in

realizing inputs and outputs of motions and emotions to a

earnest, and virtual reality devices are commercialized thanks

limited extent, but the current level of BCI technologies have

to the development of input devices such as real-time 3D

not reached to a level that can implement the original con-

rendering, speech technology and motion capture (Chung et

cept (Dan and Reiner, 2017; Berger and Davelaar, 2018).

al., 2018; Spinelli et al., 2018). However, to realize fully-

In addition, most of currently-developed BCI technologies

immersive virtual reality that has not been implemented yet,

employed non-invasive methods of detecting the brain waves
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of users, and these technologies mostly detect and interpret

P300 can be divided into the novelty P (P3a) and the classic

output signals from the brain, which is one-way communi-

P300 (P3b) (Squires et al., 1975). The P3a is mostly observed

cations (Fabien et al., 2012). Recently, very few researchers

in the frontal lobes and is known to be associated with atten-

reported that they succeeded in using brain waves of limited

tion to directional and environmental changes (Titlic et al.,

motions as an output signal, but technologies of inputting

2015). ERN is associated with the detection of errors, sup-

computer data into the brain have yet to be developed (Gert

pression, immediate correction and compensation for errors,

and Christa, 2006). As these facts show, analyzing and inter-

and is a negative (-) potential that is obtained by calculating

preting brain waves in a non-invasive manner are one of the

the weighted average of brain waves responses to errors that

essential elements for the development of BCI technologies,

subjects make with the same phase (Gehring, 1993; Gehring

and multiple studies applied a variety of variables to subjects

et al., 1993). The amplitude is about 10 μV, and it reached

and attempted to measure changes in brain waves.

peaks about 150 msec after the onset of electromyographic

Several earlier studies analyzed and identify the relation-

activity related to erroneous response. ERN reflects the detec-

ship between humans' behaviors and brain waves (Pu et al.,

tion of errors or the level of individuals' response to errors

2018), and reported that alpha (α) waves (8~13 Hz) are

(Gehring et al., 1993; Dikman and Allen, 2000). After ERN

stable waves and that beta (β) waves (13~30 Hz) are active

occurs, error positivity (Pe) at the peak that shows positive

waves. Theta (θ) (4~8 Hz) and delta (δ) (0~4 Hz) waves

potential is observed near center and parietal electrodes for

are known to show a decrease in the level of consciousness

about 150~400 ms. ERN is known to occur right after sub-

(Bischof and Boulanger, 2003; Cornwell et al., 2014). How-

jects make an error during a task that causes errors, and the

ever, these waves do not exist individually, but instead mul-

amplitude of ERN is very sensitive to subjects' intention or

tiple types of waves are overlapped momentarily. For this

motive (Falkenstein et al., 1991; Luu et al., 2004). It tends

reason, brain waves observed in reality contain various com-

to increase when subjects want to find a correct answer to a

ponents, and methods of quantitatively measuring how much

problem, instead of solving it quickly (Moon and Kim, 2018).

each oscillating component in a certain range accounts for

Since the Pe and ERN are observed in different areas in the

have been widely used. These research methods are used to

brain, the two seem to be independent, but the Pe is also asso-

examine the share of the band power in a certain range and

ciated with psychological responses to errors (Falkenstein

changes in the share (Wamain et al., 2016; Chuang et al.,

et al., 2000). In particular, the Pe is known as an indicator

2016). Recent studies, however, tend to use an event related

that reflects the process of controlling errors. It increases right

potential (ERP) to analyze brain waves in response to emo-

after subjects make an error or their errors become known,

tional changes in an urgent situation (Tarnanas et al., 2012;

which supports the findings above. The amplitude of the

Spinelli et al., 2018). An ERP is defined as a change in poten-

Pe increases when subjects consciously make an attempt to

tial that occurs in the brain against external stimuli or internal

control errors, and this indicates that the Pe is an ERP that

psychological processes (Nair et al., 2016). Various ERPs

occurs when subjects consciously try to reduce errors while

were discovered by researchers, and the P300 and error-

ERN is a response that occurs when subjects simply per-

related negativity (ERN) are noteworthy. The P300, one of

ceive errors (Muller-Gass and Campbell, 2002; Pailing and

intrinsic ERPs, was described by Chapman and Bragdon

Segalowitz, 2004).

(1964), and has been most widely researched since then. The

In the past, it was difficult to conduct studies on extreme

P300 is a positive (+) potential that occurs about 300 msec

situations or those with risk factors such as fire, emergency

after a stimulus is presented. The amplitude of the component

escape and lifesaving due to economic and ethical issues

increases as subjects' level of attention increases, and latency

caused to subjects. However, these constraints in reality can

increases as the level of difficulty of the suggested stimulus

be overcome with VR technologies, and dangerous situ-

increases (Lee and Lee, 2016). For this reason, the P300 pro-

ations such as mazes and fires can be indirectly experienced

vides an important lead to the cognitive process of a task. The

through the technologies (Seiji and Satoshi, 2011). In this
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study, flickering arrows were marked on the floor to ensure

familiarity of place by continuous tests. The VR test space

subjects can see in smoke in the event of fire and quickly

was set to 15×10 m, which is the maximum size that can

respond to the situation. This study was designed under the

be set by the device tool, and the VR experiment was per-

hypothesis that these arrows are effective in guiding subjects

formed after setting the start position vector information.

to escape the fire, and examined whether the existence of

VR experience was used with VR device (HTC VIVE Pro

arrows was really helpful to reduce the time of escape (since

Virtual Reality Headset htc). According to a study by Seiji

the repeated experiments can make subjects accustomed to

and Satoshi (2011), the similarity between virtual fire scene

the place and find an exit more quickly) using ERPs as an

and real fire scene is proportional to the screen color and

assessment tool to objectively assess the utility of arrows

naturalness of screen motion. In this study, to improve the

in subway stations. Among ERPs, the P300 and ERN were

similarity with actual fire scene, VR headset with 1,440×

measured and changes in the level of attention and responses

1,600 pixel and 90 Hz refresh frequency per eye was used

to errors were interpreted. There has been no study that used

to design the color and movement of the screen as close to

VR technologies in the assessment of ERPs in Korea and

reality as possible. The NVIDIA GeForce GTX 1060 GPU

overseas, and, in this regard, this study is meaningful as a

and Intel i7 dual core enable natural screen processing and

basic clinical study on virtual reality of fire events.

smoothly process information.
Electroencephalography (EEG)

MATERIALS AND METHODS

EEG measured eight channels based on the international

Subjects

10~20 method. It was conducted in a laboratory equipped

This study was conducted among a total of 50 young

with insulation and soundproofing, and the impedance of

adults (20 males, 30 females). Participants were fully in-

each channel was kept below 5 KΩ. The active electrodes

formed about the procedure of the experiment before the

were F (Frontal)3, F4, C (Central)3, C4, P (Parietal)3, P4, O1

experiment. Through a pre-survey questionnaire, those who

(Occipital), O2. When the EEG measured at all electrodes

had brain diseases, breathing disorders, claustrophobia, dizzi-

exceeded ± 100 μV, they were regarded as artifacts and

ness or tinnitus over the past 6 months were exclude from

removed without being included in final analysis. The EEG

this experiment. This experiment was performed according

of subjects was measured using an EEG headset called

to the research ethics of Dongeui University.

Quick-20 (Pelican products Torrance CA, USA).

Experimental design

EEG data extraction and analysis

The following four environments are implemented using

The relative power ratio of α wave and β wave were

VR. 1) maze model without direction arrow (Pre-maze) 2)

analyzed for total measured time. The analysis of relative

maze model with direction arrow (Post-maze) 3) subway fire

power ratio between α and β waves was performed using

model without direction arrow (Pre-subway) 4) subway fire

occipital and frontal electrodes, which generate the clearest

model with direction arrow (Post-subway) All four environ-

waveforms. Lee and Lee (2016) and Cattan et al. (2018)'s

ments have fixed starting positions and have a common goal

methods for evaluating ERP according to successive tasks

to find the exit and escape. Also, all subjects have no infor-

was modified. In the labyrinth experiment, the choice of

mation about maze and subway. The order of the experiment

branching through visuals and the gazing of direction arrow

was the first day to see the reaction in an arrowless environ-

were set as the check point where the stimulation occurred.

ment (Pre-maze, Pre-subway). After one week, we added the

In the subway experiment, check point was set as entry, exit,

instruction arrow to the same environment and performed

door movement, corner movement, step movement, direction

tests (Post-maze, Post-subway). The reason for the interval

change, and gazing direction arrow. Each check point is a

of one week was to reduce the fatigue of subject and the

visual stimulus to induce ERP. Sampling was performed by
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Table 1. Results for escape time and epoch analysis
Group

Escape time (sec)

P300 Epoch sampling (n)

ERN Epoch sampling (n)

Pre-maze

84.01 (20.27)

66.61 (12.65)

55.32 (14.65)

Post-maze

56.26 (17.98)

53.04 (9.28)

45.24 (12.09)

Pre-subway

77.44 (15.11)

50.49 (9.35)

43.29 (10.57)

Post-subway

51.92 (13.16)

41.56 (6.92)

38.58 (7.62)

t

P

9.64

0.00

9.47

0.00

( ) standard deviation, P; comparison between the difference between escape time of pre groups and it of post groups

cutting and collecting epochs of required length according

defined as the amplitude of P300 (Rohani et al., 2014). The

to ERP type based on stimulus. The ERP waveforms were

potential of negative peak is the smallest value of 100 ms

generated by using the average addition method for at least

after P300. Extraction of P3a and P3b, the subcomponents

30 epochs. The similarities of negative peak, positive peak,

of P300, were extracted using special topographic distribu-

and latency with the existing ERP waveform were compared.

tions with maximum amplitude at the central and parietal

If the waveforms have completely different waveforms or

electrodes. Power spectral analysis and ERP analysis were

if the difference between the values of sampling elements

performed using the Cognionics Data acquisition program

and classical ERP elements are two times or more different

(LAXTHA inc. USA) and the BrainMap-3D program

from each other, the waveforms are discarded and the similar

(LAXTHA inc. USA).

type of ERP waveforms are derived as much as possible
through epoch sampling repetition (Zhu et al., 2017; Somon

Statistical processing

et al., 2019). First, for the analysis of ERN, EEGs were ex-

The comparison between the variables in the pre and post

tracted for 0.8 second within 0.3 seconds and 0.5 seconds

groups was made using paired t-test. Statistical analysis was

before and after each checkpoint. Digital filtering was per-

performed by nonparametric method if normality was not

formed with 0.1~60 Hz bandpass in 8 channels. Average

satisfied after normality test of each variable. Comparisons

ERNs were generated by using the averaging method on

between the electrodes were compared using ANOVA. When

epochs collected from P3, P4, C3, and C4 electrodes. To deter-

there is a significant difference between the groups, Turkey's

mining the average ERN amplitude for an individual involves

post-hoc method is used. SPSS 20.0 program for windows

calculating the peak-to-peak difference in voltage between

was used for all analyzes.

the average of the most negative peaks 1~150 ms after re-

RESULTS

sponse onset, and the average amplitude of positive peaks
0~100 ms before response onset (Gentsch et al., 2009). For
the analysis of P300, EEGs were extracted for 1.1 second

Escape time and epoch analysis

within 0.1 seconds and 1 seconds before and after each

There was a statistically significant difference in escape

checkpoint. The P3a has a positive-going amplitude that

time between the post group and the pre group (Table 1).

displays maximum amplitude over frontal/central electrode

Table 1 shows the number of epochs showing typical results

sites and has a peak latency in the range of 250~280 ms.

among extracted epochs for stimulus. The epoch extraction

The P3b has a positive-going amplitude that peaks at around

of P300 and ERN was adopted only when a typical ERP

300 ms, and the peak will vary in latency from 250~500 ms.

waveform was shown through repeated extraction of each

Amplitudes are typically highest on the scalp over parietal

step.

brain areas. The amplitude of P300 was measured by the
peak-peak method. The difference between the P300 peak

Relative power ratio

potential and the negative peak potential value after P300 was
- 142 -

Relative power ratios were calculated for eight regions

(data not shown). Relative power ratios of α wave and β

significantly lower in the post groups than in the pre groups

wave, where relative waves are the most vivid and pre-

(P < 0.05).

dominant, were calculated in the occipital area and frontal
electrodes. The relative power ratios of the α waves measured
at the occipital area were significantly higher in the post

Mean amplitude and latency of event related potential
(ERP)

group (subway: O1 = 0.14 ± 0.03, O2 = 0.08 ± 0.02, maze:

P300 and ERN epochs were extracted from different

O1 = 0.21 ± 0.06, O2 = 0.16 ± 0.04, maze: O1 = 0.23 ±

waveforms. P300 is classified into P3a and P3b, and the

0.05, O2 = 0.17 ± 0.03) (P < 0.01). On the other hand, the

results are shown in Table 2. Comparing the pre groups (pre-

ratio of relative β waves measured at the frontal region was

maze and pre-subway) and post groups (post-maze and post-

Table 2. Mean P3a and P3b latency and amplitude values for experimental groups

Component

Electrode
site

P3a

C3

Post-Maze
group (n=50)

Pre-Subway
group (n=50)

Post-Subway
group (n=50)

Amplitude
(μV)

Latency
(msec)

Amplitude
(μV)

Latency
(msec)

Amplitude
(μV)

Latency
(msec)

Amplitude
(μV)

Latency
(msec)

15.68
(9.08)

387.59
(55.09)

11.08
(4.80)

339.02
(40.01)

28.06
(7.40)

470.22
(42.70)

20.42
(6.11)

370.12
(32.68)

14.89
(8.72)

398.28
(59.30)

12.25
(5.01)

328.77
(41.50)

27.19
(8.08)

483.33
(39.28)

22.78
(5.52)

351.74
(43.82)

P3

10.25
(4.41)

361.20
(41.40)

12.10
(6.11)

324.81
(40.37)

14.71
(7.66)

450.46
(47.69)

18.77
(10.54)

358.08
(42.76)

P4

11.52
(5.37)

370.24
(33.00)

12.69
(4.83)

312.04
(29.71)

15.18
(6.40)

461.80
(46.06)

18.06
(7.02)

370.11
(49.16)

C4
P3b

Pre-Maze
group (n=50)

( ) standard deviation

Table 3. Mean amplitude and latency of ERN and Pe for experimental groups

Component

Electrode
site

ERN

Pe

Pre-Maze
group (n=50)

Post-Maze
group (n=50)

Pre-Subway
group (n=50)

Post-Subway
group (n=50)

Amplitude
(μV)

Latency
(msec)

Amplitude
(μV)

Latency
(msec)

Amplitude
(μV)

Latency
(msec)

Amplitude
(μV)

Latency
(msec)

F3

-4.31
(2.02)

90.88
(29.45)

-3.01
(2.63)

91.01
(33.15)

-1.58
(2.50)

87.62
(25.83)

-8.25
(3.81)

89.97
(29.35)

F4

-4.90
(2.45)

91.60
(31.00)

-3.48
(1.95)

90.48
(28.49)

-2.52
(3.17)

89.68
(33.42)

-8.99
(3.30)

90.68
(29.52)

C3

-6.25
(4.12)

91.60
(31.58)

-4.53
(2.53)

92.98
(30.41)

-3.69
(4.06)

91.66
(29.14)

-11.03
(4.61)

92.66
(32.73)

C4

-6.52
(4.48)

92.09
(38.12)

-4.77
(1.59)

90.90
(34.36)

-4.28
(3.70)

90.87
(32.52)

-13.77
(5.09)

88.90
(32.11)

C3

2.65
(2.17)

188.03
(31.02)

5.89
(2.36)

126.20
(33.64)

1.81
(2.33)

189.98
(33.51)

7.28
(3.82)

192.18
(30.50)

C4

2.90
(2.32)

187.62
(28.10)

6.17
(2.89)

189.58
(39.09)

1.76
(2.04)

191.55
(30.72)

7.83
(3.32)

189.94
(29.87)

P3

1.32
(1.80)

190.21
(36.23)

5.28
(1.51)

193.50
(35.08)

1.55
(1.99)

189.60
(31.58)

5.63
(2.12)

191.08
(31.58)

P4

1.48
(1.59)

188.38
(34.76)

4.56
(1.70)

189.68
(32.80)

1.40
(2.62)

189.37
(31.60)

4.99
(2.69)

192.33
(30.87)

( ) standard deviation
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Fig. 1. Results for relative power ratio of EEG. (a) Result of α wave relative power ratio, (b) Result of β wave relative power ratio. The
α and β waves were analyzed using the occipital area and the frontal area where each wave was clearly observed. Compared with the
group without the direction arrow (pre groups), the α wave increased and the β wave tended to decrease in the group with the pointing arrow
(post groups) (**; P < 0.01, *; P < 0.05).

DISCUSSION

subway), the amplitude of the post groups was statistically
significantly lower (P < 0.05) in C3 and C4. On the other hand,
in P3b, the amplitudes were increased in the post groups

This study conducted an escape task based on the ratio of

compared to the pre-groups and the statistically significant

brain wave to band power, ERN and P300, and compared

differences were in the pre-subway and post-subway groups

the physiological and psychological responses of subjects to

(P < 0.05). The latency of P3a and P3b was found to be

identify significant differences. The average age of subjects

shorter in the post group than in the pre-group in all elec-

was 23.63 ± 3.52 years, and variables related to virtual

trode sites (P < 0.01). In comparison of pre-maze and pre-

events of fires such as diseases and experience of fires were

subway, there was statistically significant difference between

controlled to reduce errors caused by the characteristics of

amplitude and latency of the two groups (P < 0.01). ERN

individuals. At Fig. 1, The process of analyzing the results

was measured using EEG measured at F3, F4, C3, and C4

of this experiment focused on the power that each frequency

electrodes, and Pe was analyzed using EEGs measured at

band has. Since changes in the absolute power of brain waves

C3, C4, P3, and P4 electrodes. Table 3 shows that there was a

did not seem to be suitable to analyze brain waves related

statistically significant difference between the amplitude and

to psychological processes, the ratio of α and β waves to

latency of the pre and post groups (P < 0.05). Comparing

relative band power that can noticeably reflect changes in

the pre groups and the post groups, the absolute value of

bands was used in this study. The ratio of band power in a

ERN amplitude in the maze group was reduced while the

tranquil moment was replaced with the results of earlier

absolute value of ERN amplitude in the subway group was

studies, but since they were far from the results of this study,

increased (P < 0.05). And, there was a significant difference

they were not listed here. According to relevant studies

in the pre and post groups of Pe amplitudes (P < 0.05).

(Wang et al., 2015; Berger and Davelaar, 2018), the relative

However, unlike ERN amplitude, Pe amplitude tended to

power of α waves increases when the functions of the brain

increase in the post groups compared to the pre groups (P

are relaxed or stabilized, while it significantly decreases when

< 0.05). The latency of Pe was significantly decreased in

tasks are complicated and difficult. The relative power of β

the post groups compared to the pre groups at all electrodes

waves tends to increase in the frontal lobes while performing

(P < 0.01).

tasks instead of the stable state (Wang et al., 2015). In this
study, the relative power of α waves that occurs in the occip- 144 -

ital lobes and the relative power of β waves that occurs in

curves and thus to improve their reproducibility and accuracy.

the frontal lobes were compared during an escape task. The

Studies on the P300 mostly use an 'oddball' model that

results of this study showed that the relative power of α

presents two stimuli randomly and respond to target stimuli

waves increased in both the two experimental models, which

that infrequently occur (Polich and Margala, 1997), and this

indicates that the existence of directional arrows gave the

study was conducted under the hypothesis that directional

sense of stability to subjects. Meanwhile, the relative power

arrows presented between visual stimuli at crossroads play a

of β waves decreased in both the two experimental models,

role as a target stimulus. According to the P300 amplitude

and the results indicate that directional arrows might reduce

determination model suggested by Rohani et al. (2014), the

the level of difficulty of the escape task. However, since

amplitude of the P300 is obtained using the following equa-

analyzing the ratio of relative power to brain waves is used

tion. P300 (P3b) amplitude = flTX (l/P+M)], P: subjective

to examine the psychological mood of subjects instead of

probability, M: stimulus meaning, T: information transmis-

their responses to tasks, it is not sufficient enough to assess

sion. Here, subjective probability is a probability in which

whether the solution was effective or not. For this reason,

individual judgements are involved, and the lower the sub-

the experimental models were assessed through ERP brain

jective probability, the higher the amplitude of the P300,

waveform analysis that was modified in a more quantitative

which indicates that the amplitude of the P3b is inversely pro-

manner.

portional to the level of uncertainty (Comerchero and Polich,

ERPs are electrical changes caused by external stimuli or

1999). The amplitude of the P3b tends to increase during

internal psychological processes, and their temporal reso-

complicated tasks compared to simple tasks (Comerchero

lution is the highest among imaging techniques used to

and Polich, 1999; Yuezhi et al., 2015). In addition, it is in-

research the functions of the brain (Falkenstein et al., 2000).

evitable to lose data in the process of transferring data, and

ERPs can be divided into extrinsic ERPs of which wave-

the amplitude of the P3b is higher when stimuli are clear than

forms are determined by external stimuli and intrinsic ERPs

when they are vague. As shown in Table. 2, there was no

of which waveforms are determined in internal cognitive

significant difference in the amplitude of the P300 (P3b)

processes regardless of stimuli (Nair et al., 2016). The P300,

between the pre-maze and post-maze models, which can be

one of ERPs, is an intrinsic ERP that is associated with cog-

indirect evidence that the maze environments failed to in-

nitive functions and occurs regardless of presented stimuli

duce motives that can increase the attention of subjects. The

(Chen et al., 2014). However, since there is a little difference

significance difference in the latency of the P3b between the

between the P300 of auditory stimuli and the P300 of visual

maze environments seems to indicate that directional arrows

stimuli (Chen et al., 2014), this study directly extracted brain

were helpful to make decisions on navigation as the escape

wave epochs during which behavioral changes associated

time decreased as shown in Table 1. The results of the sub-

with eyesight were observed in order to extract ERPs that are

way fire model were interesting compared to those of the

induced only by visual stimuli. General ERPs are obtained

maze model. The amplitude of the pre-maze and pre-subway

by calculating the weighted average of epochs caused by

models was compared, and there was a significant increase,

repetitive standardized behaviors. The reproducibility and

which can be interpreted that the attention of subjects in the

reliability of these ERPs are very high. In this study, the ERP

pre-subway model greatly increased. There was also a statist-

extraction method during consecutive tasks developed by

ically significant difference between the amplitude of the

Lee and Lee (2016) and Cattan et al. (2018) was modified.

pre-subway and post-subway models, which indicates that

Since visual stimuli are not in a standardized form, the shape,

directional arrows not only simply reduced the escape time,

latency time and amplitude of ERP waveforms were com-

but also played a role as a tool to increase attention that is

pared with standardized ERP curves. If the difference is more

required to handle situations. As the results of the maze

than two times higher than the average value, the ERP curve

model show, the latency significantly decreased in the sub-

was discarded and epochs were sampled again to induce ERP

way model. In general, the amplitude of the P3b can be inter-
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preted as lack of attention due to vague data, but an increase

only to the results of responses to tasks, the reliability of the

in the amplitude in the post-subway model does not seem

results is higher than earlier studies that were conducted from

to be the result of vague data, but seems to be caused by an

the perspective of band power. As discussed above, the Pe

increase in attention by induced motives, and a decrease in

is an ERP that occurs when people try to consciously reduce

subjective judgements. As Table 2 shows, the results of the

errors and increases when people consciously make efforts

P3a in this study, similar to those of earlier studies, showed

to control errors (Muller-Gass and Campbell, 2002; Pailing

a typical waveform that has the highest amplitude detected by

and Segalowitz, 2004). The ERN results observed in the maze

the central electrode. The P3a is a waveform that responses

and subway models (Table 3) showed that the amplitude of

to novelty stimuli and is associated with attention affected by

ERN in the post model of the two models increased com-

directional and environmental changes. One thing interesting

pared to the pre model of the two models. These results can

in these results is that the amplitude increased more signifi-

be interpreted from two aspects. First, in the model that

cantly in the subway model than the maze model, which can

directional arrows were not presented to subjects, it was

be attributed to the distinct characteristics of the subway

difficult for them to perceive that their judgement itself was

model and high tension in the special situation in which

an error, which reduced the occurrence of ERN itself. On

subjects started their task in a disoriented state compared to

the other hand, in the post model that directional arrows

the maze model that has clear crossroads. Both the two

were presented, directional arrows served as the grounds for

models showed a significant decrease in the latency of the

judgements, which seemed to increase the perception of

P3a in their post model compared to their pre model, which

errors. Second, since there was no ground for determining

also indicates a decrease in the escape time of subjects.

truth in the Pre model, subjects seemed to be determined to

Studies that monitored behaviors using ERPs consistently

solve escape tasks more quickly. In the post model, however,

reported ERN as an ERP associated with errors (Zhenhe et al.,

as directional arrows were presented, subjects seemed to try

2013; Taylor et al., 2018). The origin of ERN and Pe was

to solve the tasks more accurately based on the presented

also found to be the anterior cingulate cortex using source

arrows instead of focusing on the speed of solving the escape

localization and brain imaging techniques (Zhenhe et al.,

tasks. Both the two interpretations indicate that directional

2013; Yuezhi et al., 2015). Standardized tools like the Simon

arrows were effective in reducing confusion that subjects

Task (Masaki et al., 2007) are commonly used to measure

might experience during escape missions. The results coin-

ERN, and in this study, sections where the grounds for jud-

cided with those of the Pe. The amplitude of the Pe in the

gements and behaviors occurred in the models were directly

post model statistically significantly increased from the

extracted to create epochs for the sections. Studies that moni-

level in the Pre model, which indicates that subjects tried to

tored behaviors of those with anxiety disorders using ERPs

control errors more consciously.

(Yuezhi et al., 2015; Moon and Kim, 2018) reported that the

This study attempted to introduce new physiological indi-

group of those with anxiety disorders showed a significant

cators in order to assess the clinical and physiological effects

increase in the amplitude of ERN compared to the control

of directional arrows in an escape experiment, to input a task

group. These studies implicate that those with high anxiety

and to interpret obtained results. Since there was no study

showed sensitive responses to errors (Yuezhi et al., 2015;

on these irregular and consecutive situations, it was difficult

Moon and Kim, 2018). Other studies reported that when

to select epochs and interpret results, but typical ERPs were

the amplitude of ERN was big and latency was short, errors

successfully extracted by repeating and correcting sample

were less frequently observed and the time of responses was

extractions. It was also possible to interpret how the exist-

short, and that when subjects made errors, higher ERN was

ence of directional arrows worked in the maze and subway

observed (Weschke and Niedeggen, 2016; Taylor et al., 2018).

models from a new perspective, and the results can be applied

In particular, since ERN is not affected by senses (hearing,

to similar escape models and psychological and learning

sight, etc.) or execution organs (hands, feet, etc.) but response

models as well. It is still necessary to increase the reliability
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of the tool used in this study and the results by repeating ERP

Comerchero MD, Polich J. "P3a and P3b from typical auditory

experiments in various situations in follow-up studies. This

and visual stimuli" (PDF). Clinical Neurophysiology. 1999.
110: 24-30.

study has a significance as a pilot research on the use of ERPs
considering that it is difficult in reality to quantitatively assess

Cornwell BR, Overstreet C, Grillon C. Spontaneous fast gamma

the utility of tools (directional arrows, announcements, etc.)

activity in the septal hippocampal region correlates with spatial
learning in humans. Behav Brain Res. 2014. 261: 258-264.

that can help people properly respond to emergency situ-

Dan A, Reiner M. EEG-based cognitive load of processing events

ations.

in 3D virtual worlds is lower than processing events in 2D
displays. Int J Psychophysiol. 2017. 122: 75-84.
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