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1. Introduction experts and beginners therefore; these five stadmart
be regarded as representative participants [1].y The

Human error potential (HEP) means a possibility of were informed about the experiment's method and
task performance failure based on the final conseger ~ randomly completed each trial. While each trial was
The HEP of a digital device in nuclear power plants being completed, there were ten-minute breaks geabi
(NPPs) may be caused by perceptual deficiencies ofto subjects. The tasks were designed based on the
human information processing and miss some operatio results of table I (table I1).
of the digital device, and so on. There have beanym

studies to investigate HEP and how to prevent the Tapie|: A case of HEP from IS/ES (a part of snpdmone)
human error but these mostly focused on probability
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In this study we conducted experiments by measuring
the EEG of subjects with the smart phone as aalligit
device. Before the experiment, HEP is predictethin

Table II: Task definition for experiment

IS

study (bold box in table I) bfrror Segment (ES) and Step | ES Tesk 1 | Task2 Performance Item
Interaction Segment (1S [2]. They were defined 1 P "1 one cick Power and screen on
according tO eXterior phySical Units and Operatior g MI’ IéT l\?onoep(t::ﬁrlj Horizontal Send lhe-lr—:(le(:s:lg;)elczgrl\ellgl-'\fr:sitielsdhon message
options of the digital devices [3]. We found a case [ ¢ v Mode [ Turm down the volume during step 3

HEP at ‘V+' in ES and ‘Horizontal mode’ in IS (tabl).

Operators have different intentions about Volume up EEGS were recorded by an 8 channel system of the

button (&) between no option and horizontal mode in POLYG-I at Laxtha. It was measured by international

IS. However they showed the same response. When thd0-20 lead standard. Fp1, Fp2, F3, F4, P3, P4(21,

volume up button is in horizontal mode, it has besed ~ eads were used with Ag/AgCl electrodes. The

to turn down the volume. It is a major cause of impedance of each measurement parts was beld® 10

confusion to operators by violating the interfaesign ~ on all electrodes. Physiological signals were riéte by

standard about space compatibility. If the volunge u @ band pass filter and the signal was sampled 2151

button (W) of ES is in horizontal mode, the volume The EEG components of the following four frequency

would be decreased in stages or rapidly. Operatorsbands are obtained delta (0.5~3.5Hz), theta (4~7Hz)

usually are likely to push the left button for demsing  a@lpha (8~12Hz), and beta (13~30Hz). The study

the volume, because the volume up button)(i¢ at the conducted EEG experiments and tested error rate and

left of the device in the horizontal mode. task performance (reaction time) at the same tifhe.
Five graduate students were not familiar with the error rate and task performance were confirmed by

device (smart-phone) procedures. Participants \irere Video recording and observation.

the 24 ~ 27 age range and their average age wasl24.

was assumed that subjects were all on the samedeve 3. Results

task procedure knowledge. Huang et al. (2007) found

that there were no significant differences between
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This study measured the EEG and tested their errorand the green graph wgs As the higher error potentia$,
rate and task performance (reaction time) during increased at occipital lobe.

conducting the experimental tasks. The tasks weze p
designed to include HEP with the digital deviceeTh
error rates appeared relatively higher at taskan tht

task 1 and there was a significant differenge (

value<0.1). However, the task performance has no |

correlation with error rates. In this study, we q@ared

the EEG signals between task 1 and 2, and then the

frequency pattern analyzed each task in detail. Ahe
frequency usually shows at the strain and stimuléate,
a frequency represents the comfort state.

First, the a and g frequency rates during the
performing of each task were presented in tableThie
p frequency rate was higher in task 2 than taskherd
is a significant difference between task 1 andp2 (
value: 0.007). On the other handy rate was lower in
task 2. It means that participants mostly havesstia
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Fig.2. A summary graph described frequency paibsrtimes
goes by in task 2. The blue line (first graph) veh®wed
before task and the red line (second one) was shaovidle
subjects received the visual information and sestcthe
menu of the device. The green one (third) was appesn
HEP. The participant performed tasks even though thdn’t
know the method exactly just tried until it washigThe last
one was getting decreased the frequency when ttieipants
finished the task.

task 2. Secondly, we observed frequency patterns of

high error potential in task 2 and compared thetpm
rate. Figure 1 shows each frequency activity from
frontal-lobe to occipital-lobe. The left graph is the
non error section and the right graph is in theorerr
potential sectiong was higher at the right than at left
one and it was, more in especially the occipitakelo
response(fig 1). At the high error potential, high

frequency and amplitude appeared and the pattesn wanot

unstable (fig 2).

Table Ill: « andp frequency rate between task 1 and 2

TASK 1 TASK 2
(%) " B " B
Fpl 15.5 15.2 10.3 10
Fp2 14.9 14.6 8.8 8.6
F3 19.5 215 26.7 28.8
F4 18.7 20.1 21.2 22.8
P3 24.7 36.1 38.8 37.7
P4 35.3 215 21.9 44.5
o1 44 24.7 28.6 47.1
02 32.1 22.1 23 50
average 25.6 22.0 22.4 312

Fig.1. A power spectrum rate from frontal-lobe tccipital-
lobe in task 2. The purple graph wasthe red graph was,

4, Conclusions

It is demanding to discover the HEP of the digital
device and the human digital interface to prevemdn
errors. This study tested the predicted HEP based o
Error Segment and Interaction Segment. Many alarms
and user friendly display features in digital degavere
considered adequately to recognize without
problems. The study conducted an experiment on an
EEG with a digital device (smart-phone) used in KPP
At the results, frequency showed different pattéuring
the task performance. In task 2, we recognizedrerro
rates increased and thg frequency rate was
significantly high. It also showed the differenttieans
which were unstable and irregular in HEP. ff
frequency was kept up continuously during task, kwor
efficiency decreased and caused human error. Tii@ EE
response of the user using a digital device isiiakly
different according to the task performance. We
investigated the EEG pattern to distinguish the HiBE
consider the HEP during designing a human digital
interface. Further study is required to find owg SFs
from EEG for the design of the digital human iraed
for NPPs.
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