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ABSTRACT

Attribution bias and event-related potential using a real-time based
attribution experiment (the colour test)

Su Young Lee

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Suk Kyoon An)

Attribution is a notable social cognition that underlies major
psychopathologies such as depression and persecutory delusion. The purpose
of present study was to investigate neural correlates of self, other, and
situation attribution respectively, and to find out the neural base of self-
serving bias through comparisons of extracted neural correlates of each
attribution. The colour test was developed as a real-time based attribution
experiment that could realize three types of attribution. Twenty healthy
subjects informed that they would enter a color matching game with other
two players who were connected online. Participants were asked to attribute
the cause of win or loss to self, others or situation during event-related
potentials (ERPs) were recorded. As a result, the fronto-central late positive
complex (LPC) was extracted as a neural correlate of attribution. LPC
amplitudes for the other-attribution were higher than LPCs for the self-
attribution, and it suggested that other-attribution might demand more
cognitive loads than self-attribution. LPC amplitudes of self-attribution for
negative events were higher than those for positive events, and it suggested
that the self-attribution might play a pivotal role in the self-serving bias.
Applying this real-time based paradigm (colour test) to clinical population

such as depression or paranoia patients would provide further insights for



role of attribution in human psychopathologies.

Key Words: Attribution, Self-serving bias, Colour test, Event-Related

Potential, Social cognition
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L. INTRODUCTION
Social cognition refers a set of mental operation which process information
about self and others in social interactions'. Effective social functioning is an
essential for one’s survival. Evidences are growing that the maladaptive social
functioning, rather than symptom severities, was related to the disability and the
prognosis of major psychiatric illnesses™>. Recently, researches to find out social
cognitive functions which are related to major psychopathologies have expanded*’.
Attribution style is one of notable social cognition that underlies psychological
theories explaining the mechanism of depression and persecutory delusion™.
Attribution is a cognitive process to make a causal inference about
personally significant events’. Attribution could be largely categorized into ‘internal’
(assigning a cause to self) and ‘external’ attribution (assigning a cause to
environment or someone other). There are some attribution styles which suggested
as important cognitive processes in human psychopathologies — the self-serving bias
and the personalizing bias'’. The self-serving bias means the tendency of the
internal attribution for positive events (self-enhancing bias) and the external
attribution for negative events (self-protective bias)''. This bias considered as a

natural coping mechanism which helped people to enhance and maintain their self-



esteem. Decreased use of self-serving bias was suggested as a social cognitive
process of depression, and greater self-serving suggested as a process of paranoia®
10-11 "External attributions for negative events could be divided into the attribution to
others and the attribution to situations. The tendency of more attribution to others
than to situations for negative events called as a personalizing bias, and this bias
was an important attribution style which explains developing paranoia'> .
Psychological researches on attribution styles using questionnaires have developed
above theoretical frameworks” '* '°. however, the researches for neural
underpinning of attribution have just begun.

Blackwood et al.'® investigated the neural correlates of each attribution style
using fMRI imaging during attributional decision tasks. The self-serving attribution
was related to regions previously implicated in motivated behavior, and the non-
self-serving attributions were associated with activations in the left lateral
orbitofrontal cortex, right angular gyrus, and right middle temporal gyrus. This
study firstly demonstrated neural correlates of attribution, but had limitation that it
relied upon a mental simulation. Since attribution is a cognitive process about
personally significant events, real-time experimental events which are positive or
negative for participants themselves would be more ideal. Krusemark et al."”
designed a real-time experimental attribution task with a bogus success or failure
feedback about participants’ performance. Neural correlates of attribution were
investigated by voltage and source analyses for EEG records, and as a result, non-
self-serving attributions were preceded by enhanced dorsomedial frontal cortex
activity at the 320 ms time point compared to self-serving responses. However,
prior experiments have failed to examine other-attribution and situation-attribution
respectively, and investigated neural correlates for attribution using composite
variables (i.e. self-serving attribution was a summation of self-attribution for
positive event, other/situation-attribution for negative event). However, as Bentall
has noted'®, the self-attribution for positive event and the other/situation-attribution
for negative event might have different mechanisms even if they both classified into

‘self-serving’ attribution. Therefore, the collapsing analysis method might not be

appropriate, rather, a neural bases of each attribution need to be examined separately.
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The purpose of present study was to extract neural correlates of each
attribution separately and to investigate neural base of self-serving bias through
event-related potentials of electroencephalography (EEG) using a real-time based
attribution experiment. To realize this, a novel attribution task (‘a colour task’)
which could examine three types of attribution was developed. First, we tried to
extract neural correlates of respective attribution (attribution to self, other and
situation for the positive and the negative event) through comparison with control
trials (color recognition). We expected that there would be common neural
responses which showed higher amplitudes in attribution trials than in control trials
across types of attribution. Considering prior findings, event-related potentials for
attribution needed to be explored to the later time window because significant
difference between attribution conditions were observed in the prefrontal region in
both ERP and fMRI studies'®"". Frontal late positive potentials (800-1600 ms) are

1921 \Whereas

known to reflect prefrontal activity with post-retrieval attribution
parietal P300s mainly reflect attention or memory encoding. Post-retrieval memory
processing involved with the attribution of the source of memory'", other item
specific features'” or with the specific attribution of test cue compared with
information retrieved from memory”'. Therefore, it might be in line with attribution
of the cause of event in this study. We expected that frontal late positive potentials
or parietal P300s would be extracted as a possible component of causal attribution.
Second, we investigated neural base of self-serving bias through comparison of
neural activities of extracted neural correlates by type of attribution (compare
amplitudes of self-other-situation attributions in one event) and by type of event
(compare amplitudes of positive-negative events in one attribution). We expected
that attribution types which contribute to non-self-serving bias (self-attribution for
negative event, other/situation-attribution for positive event) would show higher
neural activities than attribution types which contribute to self-serving bias (self-
attribution for positive event, other/situation-attribution for negative event) because

of higher burden of cognitive processing.



II. MATERIALS AND METHODS
1. Participants

Twenty healthy volunteers (10 male, 10 female) were recruited through an
internet advertisement. The mean age was 23.5 years old (age range 19-30).
Participants with current or past psychiatric illness, neurological illness or traumatic
brain injury were excluded through an interview. After a complete description of the
study was provided to the participants, written informed consent was obtained. Our
study was carried out under the guidelines for the use of human subjects established
by the Institutional Review Board at Severance Mental Health Hospital, Yonsei

University.

2. Procedure

A real-time attribution task, named ‘Colour test’, was developed (Figure 1).
Participants were informed that they would enter a color matching game with other
two players who were connected online. If more than two of all three players got the
correct answer, all would win the money (5000 Korean won, about 4 dollar 50 cents
in US dollars), but if more than two were wrong, all would lose the money (5000
Korean won). The final game money would be actually paid in addition to their
basic reward for participation to make real-time, self-relevant positive and negative
events. The other two players were counterfeit, and all trials were presented in a
fixed pseudorandom order to maintain an equivalent positive and negative event
condition in every participant. To enhance the reliability of online game setting, a
session was started with a bogus online access sound and sign. A total of 280 trials
(140 positive events, 140 negative events) were presented via STIM2 software
program (Compumedics, Charlotte, NC, USA). Total duration of the task was 47
minutes, it was divided into three sessions to reduce participants’ fatigue.

After developing above colour test, a pilot study was done with 8 college
students who were not part of the present study. They confirmed that this task was
ambiguous whether they get the right answer or not and was believable that three
people were participating.

In the actual experiment, participants performed practice sessions until he felt
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to be familiar with the task, after that the participant entered into the EEG room and
started the real session. After completing the task, participant debriefed about 1)
how much did he think that he got the correct answer (graduated on the correctness
scale : w-WAS scale) 2) did he keep in mind that three people were participating 3)
did he have any other doubts about this experiment. One participant debriefed that
he was doubtful that this experiment was a fake because he thought that the size of
the program file was too small to be an online game (His major in college was a
computer science), so his data were excluded from the analysis. To validate the
construct of colour test, an Attribution and Self-Consciousness Questionnaire

(ASCQ)* were also assessed.

3. Stimuli and experimental design

The time and stimulus details are demonstrated in Figure 1. Each trial
consisted of a fixation cross, a target color, two distractors (gray scale colours), and
a probe. The probe consisted of two colors that have increased and decreased
chroma in a same degree from the target color on the color spectrum (R+5, G+5,
B+5 and R-5, G-5, B-5). Therefore, participants should select between two colors
which were very similar but not exactly same with the target color. We expected that
attribution biases would reveal better under this forced-choice condition which
participants’ own correctness was ambiguous. After showing bogus results of win or
loss and the game money, subjects were asked to attribute the cause of the result to
‘self’, ‘other player’, or ‘level of task difficulty or an accident’ (self-other-situation).

The control trial was same with experimental trials except the final
attribution was substituted with very simple color recognition question (select the
target color among ‘target color’ - ‘white’ - ‘black’). Total of 280 trials consisted of
240 attribution trials and 40 control trials. Participants were instructed to choice the
right color and then to attribute the game result as fast as possible using “17, “2”, “3”
response buttons on the game keypad. The order of attribution buttons were

counterbalanced across the participants.
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Figure 1. Example trial for the ‘Colour test’. Following a target color and two gray-scale
distracters, participants were asked to choice one color between two probe colors. After that,
a bogus win or loss feedback (positive and negative event) was provided, and participants
were asked to attribute the event to self, other or a situation. ERPs were averaged between

from 100 ms before the attribution response and 1300 ms after the response.

4. ERP recording

Electroencephalogram (EEG) activity was recorded from a 64-channel AgCl
lead cap according to the international 10/20 system with a 0.05-100Hz analogue
bandpass and a sampling rate of 1,000 Hz/channel (SynAmps, Compumedics
Neuroscan, Charlotte, NC, USA). The recordings were referenced to linked
electrodes placed on both mastoid processes. Eye blinks and movements were

monitored by electrodes placed near the outer canthus and beneath the left eye. The

electrode impedance was maintained at 10 kQ or below. The EEG was amplified

using a band-pass filter between 0.15 Hz (6 dB/octave roll-off) and 40 Hz (36
dB/octave roll-off). Trials were adjusted by regression from electrooculograms to

control for ocular movement artifacts. Artifacts were rejected if the F1, F2, FP1,
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FP7 potential amplitudes exceeded £50 pV. The low-pass filter was set to 8.5 Hz

(24 dB/octave roll-off, zero phase order) to control for muscular movement and
alpha-wave activity. After rejecting artifacts, remaining trials of all subjects in the
target condition ranged from 27 to 34. ERPs were averaged between prestimulus
100 ms and poststimulus 1300 ms.

We included all cases with more than 15 responses in each attribution to
overview the neural correlates of each attribution. Therefore, the number of subjects
who entered into the analysis was different from each attribution condition (win-self
(n=17), win-other (n=15), win-situation (n=12), loss-self (n=19), loss-other (n=17),
loss-situation (n=10)). Because this colour test had a control condition (win-control
(n=19), loss-control (n=19)), ERP components of each attribution could be
examined respectively with those of the control. Previous studies had limitations
that neural correlates of attribution were examined only through composite
variables due to the paucity of specific responses (e.g. other-attribution and

situation-attribution were collapsed into an ‘external-attribution”).

5. Analyses of ERP data

The waveform of grand average of all subjects and all attribution conditions
which had more than 15 responses is demonstrated in figure 2. Three peaks were
observed with the latency of about 140 ms, 290 ms and 360 ms. The maximal
amplitude of P140 and N290 were shown at the fronto-central site, so considered as
frontal P2 and N2 components, and the P360 was maximal at the parietal site, and
decreased in central and frontal areas, so considered as a parietal P3 component.
After the P3 peak, a late positive complex (LPC) was observed with the peak
latency about 770 ms at the Cz electrode site. To quantify the late positive complex
(LPC), the waveform between 600 ms — 1100 ms analyzed in every 100 ms series of

time window (Figure 2).
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Figure 2. ERP waveforms, averaged across all subjects for all six attribution conditions.
Three peaks (P2, N2, P3) and one late slow wave (LPC) was observed. Solid line:

frontal sites ; dashed line: central sites; dotted line : parietal sites.

First, to extract the neural correlate of attribution, mean amplitudes and
latencies of P2, N2, P3 and mean amplitudes of LPC in every 100 ms time window
between attribution and control trials were compared by repeated measures of
analysis of variance. Second, extracted neural correlates of the attribution were
compared each other by type of attribution (compare amplitudes of self-other-
situation attributions in one event) and by type of event (compare amplitudes of

positive-negative events in one attribution) using Wilcoxon signed-rank tests.

III. RESULTS
1. Behavioral data

An event (win, loss) x attribution (self, other, situation) repeated measures of
analysis of variance (ANOVA) revealed significant attribution effect (F(2,17)=10.7,
p<0.001), but no interaction effect (F(2,17)=0.1, p=0.943). The response rates for
self-attribution were highest regardless of events, and followed by other-attributions
and situation-attributions (mean (SD): win event — self: 47.2 (26.9) %; other: 31.8
(23.6) %,; situation: 21.0 (16.2) %, Loss event — self: 49.2 (19.2) %; other: 30.2
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(15.7) %; situation: 20.6 (15.0) %). Self-attribution rates between the positive event
and the negative event were not significantly different (p=0.774), and this result
meant that the self-serving bias was not shown in this participant group. To validate
the construct of colour task, Spearman’s rank correlation analyses between scores of
Attribution and Self-Consciousness Questionnaire (ASCQ) which were assessed in
these participants and the attribution rates of colour test were done. Other-

attribution rate for negative (loss) events of colour test was positively correlated

with the other’s intention score for ambiguous events (p=0.583, p=0.009) and the

self-reference score for good events of ASCQ (p=0.486, p=0.035). Self-attribution

rate for negative events (loss) of colour test was negatively correlated with the

other’s intention score for ambiguous events (p=-0.497, p=0.030) and the self-

reference score for good events of ASCQ (p=-0.474, p=0.041). Because ambiguous

events of ASCQ are somewhat negative (e.g. Someone goes out of a room during
your speech.), the attribution style between the ASCQ and the colour test could be

considered as consistent.

2. ERP findings

Results of ANOVAs are presented in table 1 and figure 3 with grand averaged
ERP waveforms. LPC time windows showed significant attribution effects or
significant interactions of attribution with frontality or laterality. For the self-
attribution in the positive event, significant attribution x laterality interaction in time
windows of 600-800 ms revealed significant attribution effect in the central sites.
(LPC 600-700: F(;,16=5.67, p=0.030; LPC 700-800: F 15=5.88, p=0.028). For the
other-attribution in the positive event, attribution x frontality effect in 600-800 ms
revealed significant attribution effects in frontal (frontal LPC 600-700: F(; 14=24.78,
p<0.001; LPC 700-800: F; 14=18.52, p=0.001) and in central regions (LPC 600-700:
F1,14=21.76, p<0.001; LPC 700-800: F;4=31.00, p<0.001), and attribution x
laterality effect in 800-900 ms revealed significant attribution effects in central

(F,14=15.15, p=0.002) and in right sites (F(;14=14.22, p=0.002). For the self-
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attribution in the negative event, significant attribution x frontality effect in time
windows of 600-900 ms revealed significant attribution effects in frontal (LPC 600-
700: F,18=7.14, p=0.016; LPC 700-800: F( ,5=8.97, p=0.008; LPC 800-900:
F1,18=7.29, p=0.014) and in central regions (LPC 600-700: F ;5=11.44, p=0.003;
LPC 700-800: F 5=10.74, p=0.004; LPC 800-900: F 5=7.37, p=0.014), and
attribution x laterality effect in 600-900 ms revealed significant attribution effects in
central (LPC 600-700: F(; 15=12.39, p=0.002; LPC 700-800: F; 15=13.16, p=0.002;
LPC 800-900: F;5=9.45, p=0.007) and in left sites (LPC 600-700: F 15=5.23,
p=0.035; LPC 700-800: F; 15=5.73, p=0.028; LPC 800-900: F, 15=5.59, p=0.029),
attribution effects in right sites were trend level of significance (LPC 600-700:
F1,18=3.35, p=0.084; LPC 700-800: F; 13=4.27, p=0.053; LPC 800-900: F ;5=3.84,
p=0.066). For the other-attribution in the negative event, significant attribution x
frontality effect in time windows of 600-800 ms and significant attribution x
laterality effect in time windows of 600-1000 ms revealed significant attribution
effect across all regions and sites which showed dominant significance at central
sites of fronto-central regions (all p<0.05). There was no significant attribution
effect for the situation-attribution in both positive and negative event after post hoc
analyses.

Attribution effects were also significant for N2 amplitudes of the situation-
attribution in positive and negative events and the self-attribution in the negative
events (attribution < control trials). P3 latencies showed significant attribution
effects for all conditions (attribution < controls), and significant interactions with
frontality and laterality indicated that attribution effects were mostly occurred in the
central site of parietal regions. Significant interaction effects for P2 and N2
amplitudes did not reveal significant attribution effect after post hoc analyses
(attribution x frontality effect on N2 and P3 for the self-attribution and P3 for the
situation-attribution in the positive event, attribution x frontality effect on P2 and P3
for the self-attribution and P2 for the situation-attribution in the negative event).

Mean and standard deviation data for P2, N2, P3, LPCs amplitudes and P3

latencies are given in the supplement tables at the very last of this thesis.
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Figure 3. Grand-averaged ERP waveforms at midline channels for self, other, situation
attribution trials and control trials in the positive (win) and negative (loss)
events. Neural activities which showed significant differences between attribution

and control trials were asterisked -N2 amplitudes, P3 latencies, and LPC amplitudes.

Secondly, comparisons of neural activities which showed significant
differences between attribution and control trials were done by type of attribution
(compare amplitudes of self-other-situation attributions in one event) and by type of
event (compare amplitudes of positive-negative events in one attribution).

For comparisons by type of attribution, mean amplitudes of other-attribution
were higher than those of self-attribution at the parietal sites regardless of positive
and negative events. Mean amplitudes of the other-attribution were higher than
those of situation-attribution at almost all electrode sites in both positive and
negative events, and the mean amplitudes of the self-attribution were higher than

those of situation-attribution for the negative event (Table 2). There was no
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significant difference between attribution types for N2 amplitudes and P3 latencies.

Table 2. Comparison of neural activities of extracted neural correlates by type of

attribution
LPC Win Loss
Time
Window Other > Other > Self > Other > Other > Self >
(ms) Self Situation Situation Self Situation Situation
(n=13) (n=10) (n=11) (n=17) (n=9) (n=10)
600-700
n.s n.s n.s n.s C3,Cz,C4 n.s
700-800 F3,F4,
n.s C3,Cz,C4 n.s C3 C3,Cz n.s
P3, Pz P3, Pz
800-900 Fz F3,Fz,F4
C3,Cz,C4 n.s C3,Cz,C4 C3,Cz,C4
P3, Pz, P4 P3, Pz, P4 P3,Pz Pz, P4 Pz
900-1000 F3,Fz,F4
n.s C3,Cz,C4 C3,Cz,C4
Pz P3, Pz, P4 P3, Pz P3, Pz, P4 P3, Pz
1000-1100
n.s n.s n.s n.s C3,CZ,C4 n.s

The channels which showed significant difference (p<0.05) between the attribution
conditions by Wilcoxon signed-rank test is indicated.

n.s: There was no significantly different channel between two attribution conditions.

For comparisons by type of event, mean amplitudes of self-attribution in the
negative event were significantly higher than those in the positive event for LPC
600-700 ms at F3,Fz and C3,Cz sites (N=17, p values of Wilcoxon signed-rank test
at F3: 0.009, Fz: 0.019, C3: 0.044, Cz: 0.035). There was no significant mean
amplitude difference between the positive and negative event for the other-
attribution and for the situation-attribution. N2 amplitudes and P3 latencies also

showed no significant difference between events.
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IV. DISCUSSION

This study aimed 1) to extract neural correlates of three types of attribution
(self-other-situation) through event-related potentials using a real-time based
attribution task and 2) to investigate neural base of self-serving bias through
comparison of neural activities of extracted neural correlates by type of attribution
and by type of event. We expected that attribution types which contribute to non-
self-serving bias (self-attribution for negative events, other/situation-attribution for
positive events) would show higher neural activities than attribution types which
contribute to self-serving bias (self-attribution for positive events, other/situation-

attribution for negative events).

1. Extract neural correlates of attribution

Neural activities which showed significant differences between attribution
trials and control trials were N2 amplitudes, P3 latencies, and late positive complex
(LPC) amplitudes. The LPC amplitudes in attribution trials were significantly
higher than those in control trials (simple color recognition task) at fronto-central
sites and showed moves according to the attribution condition. Therefore, we
considered LPCs as neural correlates of attribution in this study. The LPC seemed to
be line with frontal late positive potentials which appeared in post-retrieval

21 The frontal late positive potentials did not appear in the simple

processing
recognition, but appeared in the further evaluation of source or content of memory.
Likewise, LPCs in this study did not appear in the simple color recognition (control
trials), but appeared in the attribution — a further evaluation of cause of event. The
fronto-central LPC was also related with cognitive functions such as hypothesis

2% and decision making® in prior studies. Therefore, the LPC in this

generation
study seemed to reflect cognitive process of causal attribution for the perceived
event. The self and the other attribution showed significantly higher LPC
amplitudes than control trials dominantly in the fronto-central sites across the
positive and the negative event, but the situation-attribution did not show significant
LPCs. One possible explanation for this finding was that the construct of attribution

was basically consisted of self and other attribution, and the situation-attribution
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might be another process such as a ‘putting-down’ process'® rather than an actual
‘attribution’. Another explanation was that the construct of the colour test was not
suitable to realize the situation-attribution because this task required participants to
appraise the result of person’s performance.

A prior study which examined neural correlates of attribution using ERPs
demonstrated the amplitude difference between attribution conditions at the 320 ms
peak'’. However, P300 amplitudes in this study did not show significant difference
between attribution and control trials, neither did between attribution conditions.
This result difference might be due to a difference of variables. A previous study'’
compared neural activities of attribution using composite variables (i.e. self-serving
attribution (a summation of self-attribution in the positive event and situation-
attribution in the negative event) vs. non-self-serving attribution (a vice versa)), and
did not include the other-attribution. However, P300 amplitudes of each attribution
(self-other-situation) were examined in this study. P300 has been known to reflect
attentional process, and the load of attention might be different between the self-
serving and the non-self-serving attribution such as in prior study, but it might not
be too different to make significant difference between each attribution condition.

P3 latencies were shorter in attribution trials than in control trials regardless
of type of attribution or event. P3 latency differences might be due to a difference of
trial frequency or task content between attribution and control trials. Smaller N2
amplitudes in the situation-attribution might reflect lower cognitive demand of
situation-attribution, or other cognitive process such as putting down.

Above results suggested that the ‘colour test’ which was newly developed as
a real-time based attribution task in this study might be an effective tool to examine
the mechanism of attribution. The strength of the colour test was that it enabled to
investigate the attribution in real-time and in three types of attribution (self-other-

situation) respectively using an online game format.

2. Comparison of extracted neural correlates by type of attribution
In the comparison between the self and the other attribution, LPC amplitudes

of other-attribution were significantly higher than those of self-attribution at the
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parietal sites regardless of the positive and negative event. The expected interaction
effect based on self-serving bias, that was higher amplitudes of other-attribution in
the positive event and the higher amplitudes of self-attribution in the negative event,
was not observed. It might be suggested that even if a person more attribute to
others for negative events in behavioral level, other-attribution might demand more
recruit of cognitive resources in the brain level. A previous study'® showed that the
attribution of fluent stimuli to alternative sources evoked higher LPC activity than
that to past experience. They suggested that the late positive potential was involved
in rejecting brain “default” mode and attributing the source to new one or
alternatives. Likewise, we supposed that the attribution to self might be more usual
and “default” processing, whereas the attribution to others was a secondary or more
demanding process to protect self-esteem. However, this supposition for the default
mode of self-attribution might not be universal one. Participants of this study did
not show self-serving bias in the behavioral level, and the self-attribution was their
most frequent attribution style in both positive and negative events. Therefore,
default mode of causal attribution might be different according to participants’
social or cultural backgrounds. Further studies with other populations with various

backgrounds would be helpful to clarify this question.

3. Comparison of extracted neural correlates by type of event

In the comparison between the positive and the negative event, LPC
amplitudes of self-attribution in the negative event were significantly higher than
those in the positive event at the fronto-central sites (F3, Fz, C3, Cz). This finding
was consistent with previous findings that non-self-serving attribution generated
higher neural activities than self-serving attribution did. There was no significant
LPC amplitudes difference between the positive and the negative event for the
other-attribution and the situation-attribution. This finding suggested that the self-
attribution might play a key role in the attribution process which determined the

direction of attribution such as a self-serving.
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4. Limitations

Some findings from present study should be interpreted carefully. First, self-
serving bias was not revealed in the behavioral data. Attribution style was known to
be very varied across persons, and there were other previous findings that self-
serving bias did not reveal in Korean subjects’®*’. Previous researchers suggested
that the virtue of modesty which was emphasized in the Eastern culture might
suppress the appearance of self-serving tendency’®?’. The attribution could be also
influenced by self-confidence for their accuracy. Relationship between behavioral
variables and the w-VAS scale which measures subjective confidence for
correctness was examined, but there was no significant correlation (p>0.325). To
examine the internal construct of the colour test, correlation analyses with scores of
attribution scale (ASCQ) were done and the consistency between two attribution
measures revealed in considerable dimensions. Second, the permitted limit of
number of trials (n=15) was relatively smaller than usual limit (n=20) in ERP
studies. However, the mean amplitude method which was used to analyze the LPCs
was known to be favorable to reduce contamination effect of noises, and also
preferable when the included number of trials was different in each condition®*. On
the other hand, the results of P2, N2, P3 which were identified by baseline-to-peak
method need to be interpreted more tentatively. Third, subjects entered into the
analyses were different in each comparison because not all subjects responded over
15 times across all six kinds of attribution. If we included subjects who showed
acceptable response numbers for all six attributions, a substantial portion of subjects
would be neglected. Rather, we decided to compare each attribution over 15
responses with control trials respectively. Because multiple comparisons could

increase the type I error, we performed only hypothesis-based comparisons.
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V. CONCLUSION

Taken together present findings, 1) the fronto-central late positive complex
(LPC) was extracted as a neural correlate of attribution, 2) higher LPC amplitudes
of other-attribution than those of self-attribution suggested that the other-attribution
might demand more cognitive loads than self-attribution, and 3) higher LPC
amplitudes of self-attribution for the negative event than those for the positive event
suggested that the self-attribution might play a pivotal role in determining
attribution style such as self-serving bias. As we know, this was the first study that
demonstrated neural correlates of each attribution respectively. Applying this real-
time based paradigm to clinical population such as depression or paranoia patients
would provide further insights for the role of attribution in human

psychopathologies.
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