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The role of electroencephalography (EEG) in theeldgwnent of brain-computer interface (BCI) techgylis increasing.
In particular, the importance of the analysis oéréwelated potential (ERP) in various situatich®écoming more
significant in BCI technology. Studies on past mard fire situations have been difficult due tdsisind realistic
problems. Nowadays, according to the developmentrtfal reality (VR) technology, realistic mazeddiire situation
can be realized. In this study, ERPs (P300, anatedeelated negativity) were analyzed to collégedive data on case
determination in an emergency situation. In ordesvercome the limitations of previous methods éwauating the
EEG frequency change, ERPs were derived by setfinghs for stimulation and standardizing them,eaduated for
ERPs in this study. P3a and P3b, which are subcoemp® of P300, were analyzed and the eventeddelatgativity
(ERN) was analyzed together with error positividg). As a result of the study, statistically sigaifit changes of ERPs
were observed, this result, which has little relatssearch, is considered to be meaningful as alduiisic statistics.
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INTRODUCTION

The concept of virtual reality (VR) is similar teality but
is an artificially-created environment. Deviced thaplement
virtual reality are used as a means of giving usemsxperi-
ence taking place within simulated environmentshmel-
ogies of virtual reality have been developed sit2®0 in
earnest, and virtual reality devices are comméeththanks
to the development of input devices such as new-8D
rendering, speech technology and motion capturen@bt
al., 2018; Spinelli et al., 2018). However, to imalully-
immersive virtual reality that has not been implated yet,
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brain-computer interface (BCI) that processes maurtd
outputs is required, but BCI technology has nonlfeéy
developed (Ricardo and Antonio, 2009). BCI needsble
the brain of users not only to give orders to cansubut
also to read the messages of computers. In otheiswo
two-way data communications between a computettand
brain should be realized. Some earlier studiesesuaisd in
realizing inputs and outputs of motions and emetimna
limited extent, but the current level of BCI teclugies have
not reached to a level that can implement the ralgion-
cept (Dan and Reiner, 2017; Berger and Daveladig)20
In addition, most of currently-developed BCI tedogies
employed non-invasive methods of detecting thelwaives
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of users, and these technologies mostly detednserpret
output signals from the brain, which is one-way oami-
cations (Fabien et al., 2012). Recently, very fesearchers
reported that they succeeded in using brain waviasited
motions as an output signal, but technologies péiting
computer data into the brain have yet to be deeel¢Bert
and Christa, 2006). As these facts show, analyamagnter-
preting brain waves in a hon-invasive manner aesofrthe
essential elements for the development of BCI teldgies,
and multiple studies applied a variety of variabbesubjects
and attempted to measure changes in brain waves.
Several earlier studies analyzed and identify ¢fegion-
ship between humans' behaviors and brain wavest @&y
2018), and reported that alphg (vaves (813 Hz) are
stable waves and that bef aves (13-30 Hz) are active
waves. Thetat) (4~8 Hz) and deltad) (0~4 Hz) waves
are known to show a decrease in the level of consoess
(Bischof and Boulanger, 2003; Cornwell et al., 20Hbw-
ever, these waves do not exist individually, betdad mul-
tiple types of waves are overlapped momentarily.this
reason, brain waves observed in reality contailowsicom-
ponents, and methods of quantitatively measurimgrnach
each oscillating component in a certain range adsdor
have been widely used. These research methodseatda
examine the share of the band power in a certagerand
changes in the share (Wamain et al., 2016; Chugab, e
2016). Recent studies, however, tend to use ar mlated
potential (ERP) to analyze brain waves in resptmseno-
tional changes in an urgent situation (Tarnanas,e2012;
Spinelli et al., 2018). An ERP is defined as a ghdn poten-
tial that occurs in the brain against externaldior internal
psychological processes (Nair et al., 2016). VariB&RPs
were discovered by researchers, and the P300 amd er
related negativity (ERN) are noteworthy. The P30®& of

P300 can be divided into the novelty P (P3a) aadlssic
P300 (P3b) (Squires et al., 1975). The P3a is yaistlerved
in the frontal lobes and is known to be assocrafédatten-
tion to directional and environmental changesi€Tét al.,
2015). ERN is associated with the detection ofreysup-
pression, immediate correction and compensatioerfors,
and is a negative-J potential that is obtained by calculating
the weighted average of brain waves responsesois énat
subjects make with the same phase (Gehring, 1398irtg
et al., 1993). The amplitude is aboutiM) and it reached
peaks about 150 msec after the onset of electromybig
activity related to erroneous response. ERN reftbet detec-
tion of errors or the level of individuals' resperts errors
(Gehring et al., 1993; Dikman and Allen, 2000) eAEERN
occurs, error positivity (Pe) at the peak that shpasitive
potential is observed near center and parietairets for
about 156-400 ms. ERN is known to occur right after sub-
jects make an error during a task that causesseand the
amplitude of ERN is very sensitive to subjectrition or
motive (Falkenstein et al., 1991; Luu et al., 2004jends
to increase when subjects want to find a correstvanto a
problem, instead of solving it quickly (Moon andhi2018).
Since the Pe and ERN are observed in differens angthe
brain, the two seem to be independent, but the &sa asso-
ciated with psychological responses to errors @ratein
et al., 2000). In particular, the Pe is known asndicator
that reflects the process of controlling erroridieases right
after subjects make an error or their errors bedamgn,
which supports the findings above. The amplitudethef
Pe increases when subjects consciously make anpatie
control errors, and this indicates that the PeniERP that
occurs when subjects consciously try to reducesewhile
ERN is a response that occurs when subjects sipgsly
ceive errors (Muller-Gass and Campbell, 2002; iaiind

intrinsic ERPs, was described by Chapman and BragdoSegalowitz, 2004).

(1964), and has been most widely researched $ieaneThe
P300 is a positive (+) potential that occurs al3@@ msec
after a stimulus is presented. The amplitude o€dineponent
increases as subjects' level of attention increasddatency
increases as the level of difficulty of the sugegstimulus
increases (Lee and Lee, 2016). For this reasoP3b@ pro-
vides an important lead to the cognitive processtak. The

In the past, it was difficult to conduct studiesestreme
situations or those with risk factors such as éragrgency
escape and lifesaving due to economic and ettisaks
caused to subjects. However, these constraingslityrcan
be overcome with VR technologies, and dangerous sit
ations such as mazes and fires can be indireqilgriexced
through the technologies (Seiji and Satoshi, 20h1)his
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study, flickering arrows were marked on the flapehsure
subjects can see in smoke in the event of firecackly
respond to the situation. This study was designeeiuthe
hypothesis that these arrows are effective in ggidubjects
to escape the fire, and examined whether the agistef
arrows was really helpful to reduce the time ofapsdsince
the repeated experiments can make subjects acagstom
the place and find an exit more quickly) using ERPsn
assessment tool to objectively assess the utilitgramws
in subway stations. Among ERPs, the P300 and ERN we
measured and changes in the level of attentionespdnses
to errors were interpreted. There has been no #tatiysed
VR technologies in the assessment of ERPs in Kamnea
overseas, and, in this regard, this study is mgéuiias a
basic clinical study on virtual reality of fire exs.

MATERIALS AND METHODS

Subjects

familiarity of place by continuous tests. The VRttspace
was set to 1810 m, which is the maximum size that can
be set by the device tool, and the VR experimeist pea-
formed after setting the start position vector linfation.
VR experience was used with VR device (HTC VIVE Pro
Virtual Reality Headset htc). According to a stumySeiji
and Satoshi (2011), the similarity between virfiralscene
and real fire scene is proportional to the scredor@nd
naturalness of screen motion. In this study, torawe the
similarity with actual fire scene, VR headset witd40x<
1,600 pixel and 90 Hz refresh frequency per eyeusas

to design the color and movement of the screefoas to
reality as possible. The NVIDIA GeForce GTX 1060UGP
and Intel i7 dual core enable natural screen psitgsnd
smoothly process information.

Electroencephalography (EEG)

EEG measured eight channels based on the interahtio
10~20 method. It was conducted in a laboratory equippe

This study was conducted among a total of 50 youngwith insulation and soundproofing, and the impedaoic

adults (20 males, 30 females). Participants welte ifo-
formed about the procedure of the experiment befae
experiment. Through a pre-survey questionnairesetiveho
had brain diseases, breathing disorders, claustoaptdizzi-
ness or tinnitus over the past 6 months were eadiahn
this experiment. This experiment was performed ralicg
to the research ethics of Dongeui University.

Experimental design

The following four environments are implementecdhgsi
VR. 1) maze model without direction arrow (Pre-ma&e
maze model with direction arrow (Post-maze) 3) suybfive
model without direction arrow (Pre-subway) 4) sujpiee
model with direction arrow (Post-subway) All fouméron-
ments have fixed starting positions and have a aomgpoal
to find the exit and escape. Also, all subjectehaw infor-
mation about maze and subway. The order of theiexgmat
was the first day to see the reaction in an arssvsviron-
ment (Pre-maze, Pre-subway). After one week, wedathe
instruction arrow to the same environment and pewaol
tests (Post-maze, Post-subway). The reason fanttheal
of one week was to reduce the fatigue of subjedttha

each channel was kept below 8KThe active electrodes
were F (Fronta}) F,;, C (Central), C,, P (Parietal) P, O,
(Occipital), Q. When the EEG measured at all electrodes
exceededt 100 pV, they were regarded as artifacts and
removed without being included in final analysibe TEEG

of subjects was measured using an EEG headsetl calle
Quick-20 (Pelican products Torrance CA, USA).

EEG data extraction and analysis

The relative power ratio oft wave andp wave were
analyzed for total measured time. The analysisets#tive
power ratio between andp waves was performed using
occipital and frontal electrodes, which generagedkarest
waveforms. Lee and Lee (2016) and Cattan et al.8}x0
methods for evaluating ERP according to succesasks
was modified. In the labyrinth experiment, the choof
branching through visuals and the gazing of dbectirrow
were set as the check point where the stimulationroed.
In the subway experiment, check point was set tag emit,
door movement, corner movement, step movementfidine
change, and gazing direction arrow. Each check jmia
visual stimulus to induce ERP. Sampling was peréat iy

-141 -



Table 1.Results for escape time and epoch analysis

Group Escape time (sec) P300 Epoch sampling (n) Ep¢h sampling (n) t P
Pre-maze 84.01 (20.27) 66.61 (12.65) 55.32 (14.65) 64 0.00
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 (30.57 047 0.00
Post-subway 51.92 (13.16) 4156 (6.92) 38.58 (7.62)

() standard deviatio,; comparison between the difference between esicap®f pre groups and it of post groups

cutting and collecting epochs of required lengttoading
to ERP type based on stimulus. The ERP waveforms we
generated by using the average addition methoat feast
30 epochs. The similarities of negative peak, pasieak,
and latency with the existing ERP waveform were paned.
If the waveforms have completely different waveferan
if the difference between the values of samplimgneints
and classical ERP elements are two times or méfezetit
from each other, the waveforms are discarded ansirthilar
type of ERP waveforms are derived as much as pessib
through epoch sampling repetition (Zhu et al., 2@bMmon
et al., 2019). First, for the analysis of ERN, EBG&se ex-
tracted for 0.8 second within 0.3 seconds and €cbrels
before and after each checkpoint. Digital filterimgs per-

defined as the amplitude of P300 (Rohani et al4P0rhe
potential of negative peak is the smallest valué@d ms
after P300. Extraction of P3a and P3b, the subcoamis
of P300, were extracted using special topogragktatali-
tions with maximum amplitude at the central andgbalr
electrodes. Power spectral analysis and ERP asalysie
performed using the Cognionics Data acquisitiorgram
(LAXTHA inc. USA) and the BrainMap-3D program
(LAXTHA inc. USA).

Statistical processing

The comparison between the variables in the prgpasid
groups was made using paitegst. Statistical analysis was
performed by nonparametric method if normality \was

formed with 0.160 Hz bandpass in 8 channels. Averagesatisfied after normality test of each variablemmparisons
ERNs were generated by using the averaging method obetween the electrodes were compared using ANO\HenV

epochs collected fromsP,, C;, and G electrodes. To deter-
mining the average ERN amplitude for an individoablves
calculating the peak-to-peak difference in volthgeveen
the average of the most negative peak$5D ms after re-
sponse onset, and the average amplitude of popiiaks
0~100 ms before response onset (Gentsch et al.,.Zof9)
the analysis of P300, EEGs were extracted for dcrel
within 0.1 seconds and 1 seconds before and &t e
checkpoint. The P3a has a positive-going amplititneé
displays maximum amplitude over frontal/centratetele
sites and has a peak latency in the range 0f280 ms.
The P3b has a positive-going amplitude that peateoand
300 ms, and the peak will vary in latency from 2500 ms.
Amplitudes are typically highest on the scalp gyarietal
brain areas. The amplitude of P300 was measurdteby
peak-peak method. The difference between the P&ak p
potential and the negative peak potential valws BBOO was
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there is a significant difference between the ggpliprkey's
post-hoc method is used. SPSS 20.0 program forowisid
was used for all analyzes.

RESULTS

Escape time and epoch analysis

There was a statistically significant differenceestape
time between the post group and the pre group €ThHbl
Table 1 shows the number of epochs showing typesalts
among extracted epochs for stimulus. The epochaidn
of P300 and ERN was adopted only when a typical ERP
waveform was shown through repeated extractiorach e
step.

Relative power ratio

Relative power ratios were calculated for eighiaeg



(data not shown). Relative power ratioscofvave and3 significantly lower in the post groups than in fitre groups
wave, where relative waves are the most vivid amd p (P <0.05).

dominant, were calculated in the occipital area famatal .
Mean amplitude and latency of event related potersi

electrodes. The relative power ratios of dhveaves measured (ERP)

at the occipital area were significantly higherttie post

group (subway: ©= 0.14+ 0.03, Q = 0.08 = 0.02, maze: P300 and ERN epochs were extracted from different
0, =0.21+ 0.06, Q=0.16 £ 0.04, maze: O= 0.23 waveforms. P300 is classified into P3a and P3b,thed
0.05, @ =0.17 =+ 0.03) P < 0.01). On the other hand, the results are shown in Table 2. Comparing the prepgr@pre-
ratio of relative} waves measured at the frontal region wasmaze and pre-subway) and post groups (post-mazeoatd

Table 2.Mean P3a and P3b latency and amplitude valuexfmrimental groups

Pre-Maze Post-Maze Pre-Subway Post-Subway
Electrode group (n=50) group (n=50) group (n=50) group (n=50)
Component . - - - -
site Amplitude  Latency Amplitude  Latency Amplitude Latency Amplitude Latency
(nv) (msec) (uv) (msec) (uV) (msec) (nv) (msec)
P3a Cs 15.68 387.59 11.08 339.02 28.06 470.22 20.42 370.12
(9.08) (55.09) (4.80) (40.01) (7.40) (42.70) (6.11) (32.68)
G 14.89 398.28 12.25 328.77 27.19 483.33 22.78 351.74
(8.72) (59.30) (5.01) (41.50) (8.08) (39.28) (5.52) (43.82)
P3b Ps 10.25 361.20 12.10 32481 14.71 450.46 18.77 358.08
(4.41) (41.40) (6.11) (40.37) (7.66) (47.69) (10.54) (42.76)
Py 11.52 370.24 12.69 312.04 15.18 461.80 18.06 370.11
(5.37) (33.00) (4.83) (29.71) (6.40) (46.06) (7.02) (49.16)

() standard deviation

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

Pre-Maze Post-Maze Pre-Subway Post-Subway
Electrode group (n=50) group (n=50) group (n=50) group (n=50)
Component . - - - -

site Amplitude  Latency Amplitude  Latency Amplitude Latency Amplitude Latency

(nv) (msec) (uv) (msec) (uv) (msec) (nV) (msec)

ERN Fs -4.31 90.88 -3.01 91.01 -1.58 87.62 -8.25 89.97
(2.02) (29.45) (2.63) (33.15) (2.50) (25.83) (3.81) (29.35)

Fa -4.90 91.60 -3.48 90.48 -2.52 89.68 -8.99 90.68
(2.45) (31.00) (1.95) (28.49) (3.17) (33.42) (3.30) (29.52)

Cs -6.25 91.60 -4.53 92.98 -3.69 91.66 -11.03 92.66
(4.12) (31.58) (2.53) (30.41) (4.06) (29.14) (4.61) (32.73)

Cs -6.52 92.09 -4.77 90.90 -4.28 90.87 -13.77 88.90
(4.48) (38.12) (1.59) (34.36) (3.70) (32.52) (5.09) (32.11)
Pe Cs 2.65 188.03 5.89 126.20 181 189.98 7.28 192.18
(2.17) (31.02) (2.36) (33.64) (2.33) (33.51) (3.82) (30.50)
Cs 2.90 187.62 6.17 189.58 1.76 191.55 7.83 189.94
(2.32) (28.10) (2.89) (39.09) (2.04) (30.72) (3.32) (29.87)
Ps 1.32 190.21 5.28 193.50 155 189.60 5.63 191.08
(1.80) (36.23) (1.51) (35.08) (1.99) (31.58) (2.12) (31.58)
Py 1.48 188.38 4.56 189.68 1.40 189.37 4.99 192.33
(1.59) (34.76) (1.70) (32.80) (2.62) (31.60) (2.69) (30.87)

() standard deviation
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Fig. 1. Results for relative power ratio of EEG(a) Result ofa wave relative power ratio, (b) Resultivave relative power ratiGhe
a andf waves were analyzed using the occipital area amdrdntal area where each wave was clearly obseGmahpared with t
group without the direction arrow (pre groups),dhveave increased and tievave tended to decrease in the group with theipgiarrov
(post groups) (**P < 0.01, *;P < 0.05).

subway), the amplitude of the post groups wassttatily DISCUSSION
significantly lower P < 0.05) in Gand G. On the other hand,
in P3b, the amplitudes were increased in the paatpg This study conducted an escape task based ortithefra

compared to the pre-groups and the statisticaliyifstant brain wave to band power, ERN and P300, and comipare
differences were in the pre-subway and post-sulgn@yps  the physiological and psychological responses bojests to
(P < 0.05). The latency of P3a and P3b was foundeto b identify significant differences. The average afsubjects
shorter in the post group than in the pre-groupllielec-  was 23.63%+ 3.52 years, and variables related to virtual
trode sites® < 0.01). In comparison of pre-maze and pre-events of fires such as diseases and experieriteivere
subway, there was statistically significant differe between controlled to reduce errors caused by the chaistiterof
amplitude and latency of the two groups<{0.01). ERN individuals. At Fig. 1, The process of analyzing thsults
was measured using EEG measuredz;aEf C;, and G of this experiment focused on the power that eajuéncy
electrodes, and Pe was analyzed using EEGs measuredband has. Since changes in the absolute poweaiofveaves
G, G, P, and R electrodes. Table 3 shows that there was alid not seem to be suitable to analyze brain weslesed
statistically significant difference between thepéimde and  to psychological processes, the ratiocofnd f waves to
latency of the pre and post groups< 0.05). Comparing relative band power that can noticeably reflecinges in
the pre groups and the post groups, the absollie e  bands was used in this study. The ratio of bandepawa
ERN amplitude in the maze group was reduced whée t tranquil moment was replaced with the results ofieza
absolute value of ERN amplitude in the subway gwap  studies, but since they were far from the restithis study,
increasedR < 0.05). And, there was a significant difference they were not listed here. According to relevandists
in the pre and post groups of Pe amplitudes<(0.05). (Wang et al., 2015; Berger and Davelaar, 2018)dladive
However, unlike ERN amplitude, Pe amplitude tentted power ofa waves increases when the functions of the brain
increase in the post groups compared to the prgogre are relaxed or stabilized, while it significantlyodeases when
< 0.05). The latency of Pe was significantly desegain  tasks are complicated and difficult. The relatiegvpr of B
the post groups compared to the pre groups deattedes  waves tends to increase in the frontal lobes vgeiléorming
(P<0.01). tasks instead of the stable state (Wang et al5)201 this
study, the relative power @f waves that occurs in the occip-
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ital lobes and the relative power pfwaves that occurs in
the frontal lobes were compared during an escaie The
results of this study showed that the relative poofeo
waves increased in both the two experimental moakish
indicates that the existence of directional arrgage the
sense of stability to subjects. Meanwhile, thetikedgower

curves and thus to improve their reproducibilitgl ancuracy.
Studies on the P300 mostly use an ‘oddball' mbde! t
presents two stimuli randomly and respond to testietuli
that infrequently occur (Polich and Margala, 1991y this
study was conducted under the hypothesis thattidinat
arrows presented between visual stimuli at crodsrpkay a

of B waves decreased in both the two experimental reodel role as a target stimulus. According to the P30@litumle

and the results indicate that directional arronghtnieduce
the level of difficulty of the escape task. Howew@nce
analyzing the ratio of relative power to brain waisused
to examine the psychological mood of subjects aubstef
their responses to tasks, it is not sufficient gihaie assess
whether the solution was effective or not. For tkiason,

determination model suggested by Rohani et al 4R e
amplitude of the P300 is obtained using the folfmréqua-
tion. P300 (P3b) amplitude = fiITX (I/P+M)], P: sabfive
probability, M: stimulus meaning, T: informatiomtrsmis-
sion. Here, subjective probability is a probabilitywhich
individual judgements are involved, and the loviner $ub-

the experimental models were assessed through ERP b jective probability, the higher the amplitude ok tR300,

waveform analysis that was modified in a more dtzdive
manner.

ERPs are electrical changes caused by externaillistim
internal psychological processes, and their tenhpesm-
lution is the highest among imaging techniques used
research the functions of the brain (Falkenste@h £2000).
ERPs can be divided into extrinsic ERPs of whiclveva
forms are determined by external stimuli and istdiERPs
of which waveforms are determined in internal ctgai
processes regardless of stimuli (Nair et al., 2018 P300,
one of ERPs, is an intrinsic ERP that is associatttdcog-
nitive functions and occurs regardless of presestieulili
(Chen et al., 2014). However, since there isla titference
between the P300 of auditory stimuli and the P304soial
stimuli (Chen et al., 2014), this study directlyragted brain

wave epochs during which behavioral changes asedcia

with eyesight were observed in order to extract £RBt are
induced only by visual stimuli. General ERPs armioled
by calculating the weighted average of epochs chbge
repetitive standardized behaviors. The reprodutyitaind
reliability of these ERPs are very high. In thiglst the ERP
extraction method during consecutive tasks develdpe
Lee and Lee (2016) and Cattan et al. (2018) wasfierhd
Since visual stimuli are not in a standardized faha shape,
latency time and amplitude of ERP waveforms wera-co
pared with standardized ERP curves. If the diffezés more
than two times higher than the average value, Rfe &urve
was discarded and epochs were sampled again teifdRP

which indicates that the amplitude of the P3bveiisely pro-
portional to the level of uncertainty (Comercheand &olich,
1999). The amplitude of the P3b tends to increasmgl
complicated tasks compared to simple tasks (Coraemych
and Polich, 1999; Yuezhi et al., 2015). In additibiis in-
evitable to lose data in the process of transfgidata, and
the amplitude of the P3b is higher when stimuliciear than
when they are vague. As shown in Table. 2, thei® noa
significant difference in the amplitude of the P3®@b)
between the pre-maze and post-maze models, whidbeca
indirect evidence that the maze environments fddeith-
duce motives that can increase the attention géstsbThe
significance difference in the latency of the P8twieen the
maze environments seems to indicate that diret@oraws
were helpful to make decisions on navigation astuape
time decreased as shown in Table 1. The resuttsecfub-
way fire model were interesting compared to thdsthe
maze model. The amplitude of the pre-maze andytmeas/
models was compared, and there was a significargane,
which can be interpreted that the attention of extibjin the
pre-subway model greatly increased. There wasaadtatist-
ically significant difference between the amplituafethe
pre-subway and post-subway models, which indidhtats
directional arrows not only simply reduced the pedime,
but also played a role as a tool to increase aitetitat is
required to handle situations. As the results &f ritaze
model show, the latency significantly decreasetthénsub-
way model. In general, the amplitude of the P3bbeainter-
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preted as lack of attention due to vague dateabircrease
in the amplitude in the post-subway model doessaetn
to be the result of vague data, but seems to sedaay an
increase in attention by induced motives, and sedse in
subjective judgements. As Table 2 shows, the sestilthe
P3a in this study, similar to those of earlier Esdshowed
a typical waveform that has the highest amplitueteated by
the central electrode. The P3a is a waveform #sponses
to novelty stimuli and is associated with attentiffacted by
directional and environmental changes. One thisgesting
in these results is that the amplitude increase signifi-
cantly in the subway model than the maze modetiwtan
be attributed to the distinct characteristics af subway
model and high tension in the special situationvirich
subjects started their task in a disoriented statgpared to
the maze model that has clear crossroads. Bottwihe
models showed a significant decrease in the latefhtiye
P3a in their post model compared to their pre medath
also indicates a decrease in the escape time jectsib
Studies that monitored behaviors using ERPs cendligt
reported ERN as an ERP associated with errors (ighetral.,
2013; Taylor et al., 2018). The origin of ERN arelWas
also found to be the anterior cingulate cortexgisiource
localization and brain imaging techniques (Zhenhal.e
2013; Yuezhi et al., 2015). Standardized toolstlileeSimon
Task (Masaki et al., 2007) are commonly used tosorea
ERN, and in this study, sections where the grofmdsid-
gements and behaviors occurred in the models virexeld
extracted to create epochs for the sections. Stthtie moni-
tored behaviors of those with anxiety disorderagi&iRPs
(Yuezhi et al., 2015; Moon and Kim, 2018) repotteat the
group of those with anxiety disorders showed aifsignt
increase in the amplitude of ERN compared to timtrab
group. These studies implicate that those with higkiety
showed sensitive responses to errors (Yuezhi,e2Gil5;
Moon and Kim, 2018). Other studies reported thagmwh
the amplitude of ERN was big and latency was skaibys
were less frequently observed and the time of regsowas
short, and that when subjects made errors, higRbt was
observed (Weschke and Niedeggen, 2016; Taylor, 0418).
In particular, since ERN is not affected by serfesaring,
sight, etc.) or execution organs (hands, fee}, latt response

only to the results of responses to tasks, theilitiy of the
results is higher than earlier studies that wenelected from
the perspective of band power. As discussed aliowde
is an ERP that occurs when people try to consgigaduce
errors and increases when people consciously nfftkise
to control errors (Muller-Gass and Campbell, 20®@4lling

andSegalowitz 2004). The ERN results observed in the maze

and subway models (Table 3) showed that the ardplitd
ERN in the post model of the two models increased-c
pared to the pre model of the two models. Thesédtsesan
be interpreted from two aspects. First, in the rhollst
directional arrows were not presented to subjéctsas
difficult for them to perceive that their judgeméself was
an error, which reduced the occurrence of ERNf.it&x
the other hand, in the post model that directi@medws
were presented, directional arrows served as theads for
judgements, which seemed to increase the perception
errors. Second, since there was no ground forrditieng
truth in the Pre model, subjects seemed to berdieted to
solve escape tasks more quickly. In the post mbdelever,
as directional arrows were presented, subjectseskamiry
to solve the tasks more accurately based on treeiex
arrows instead of focusing on the speed of solviegscape
tasks. Both the two interpretations indicate thiegtational
arrows were effective in reducing confusion thdjetts
might experience during escape missions. The seswilh-
cided with those of the Pe. The amplitude of thénRbe
post model statistically significantly increasednfr the
level in the Pre model, which indicates that subjeeed to
control errors more consciously.

This study attempted to introduce new physiologiudit
cators in order to assess the clinical and phygitdbeffects
of directional arrows in an escape experimenhatia task
and to interpret obtained results. Since there nastudy
on these irregular and consecutive situationsad alifficult
to select epochs and interpret results, but tyjiEs were
successfully extracted by repeating and correctargple
extractions. It was also possible to interpret tlogvexist-
ence of directional arrows worked in the maze amvay
models from a new perspective, and the resultbeapplied
to similar escape models and psychological anditegr
models as well. It is still necessary to increasertliability
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of the tool used in this study and the resultspgating ERP
experiments in various situations in follow-up $tsd This

study has a significance as a pilot research austhef ERPs
considering that it is difficult in reality to quéatively assess
the utility of tools (directional arrows, announ@ts, etc.)
that can help people properly respond to emergsitay

ations.
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