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was based on available cases. All subjects signed an IRB 
approved informed consent form, which was provided by 
ethic board of ICSS (Iran Institute of Cognitive Science 
Studies). Subjects were unaware to the purpose of the ex-
periment and none had any formal music trainings. All 
subjects had normal auditory sensitivity. All experimental 
procedures adhered to the Declaration of Helsinki.

2.2. Auditory Stimuli

Two groups of musical trials were employed in the 
experiments. Musical pieces were pre-rated between 0 
and 10 by 20 subjects that were not involved in the main 
experiments. The boring group contained eight musical 
pieces, and non-boring group contained two musical 
pieces. The subjects participating in the main experiment 
were not aware that a given piece was pre-rated as boring 
or non-boring. The period of each trial was 83 seconds. 

The boring pieces were specifically composed to con-
tain repetitive melodies in order to become boring in 
the short period of stimulus presentation. Six of the bor-
ing pieces contained a specific melodic phrase, which 
was repeated continuously thorough each piece with or 
without variation in every cycle. Three partial examples 
of boring pieces that contained repetitive melodies are 

shown in Figure 1 A, C. The average number of repeti-
tive melodic cycles within all the boring pieces, which 
hold repetitive melodic phrases, was 30.8 ± 15.5. These 
pieces were sufficiently different to explore a large range 
of possible boredom sensations. The other two bor-
ing pieces were significantly different; one was a fairly 
long and sustained single note played by a cello, and 
the other consisted of random musical events to induce 
boredom with minimum repetitive elements. These two 
pieces did not contain specific repetitive melodies. Two 
non-boring pieces were also employed. One was the first 
movement of an orchestral piece by Igor Stravinsky (Re-
quiem Canticles, 1966) and the other was a segment of 
a piece composed for piano by one of the authors (AFT 
- Uncompleted Romantic Piece, 2011). All the pieces 
but the Stravinsky’s “requiem canticles” were computer 
mock-ups and were composed by Notion 3 software (No-
tion Music, Inc, Florida, U.S.A). Furthermore, all of the 
pieces were edited via logic pro 9 (Apple, USA) to suc-
ceed equal length, equal volume level, and were finally 
exported to 16-bit wave files. All pieces are accessible as 
online materials.

Figure 1. Three representative samples of repetitive melodic phrases with-
in three boring pieces with 42 (a), 16 (b) and 21 (c) repetitions.
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sponse is often received within 30 to 40 seconds. The 
numbers of clicks in four windows are as follow: 1st 

(n=36), 2nd (n=27), 3th (n=12) and 4th (n=3). In the major-
ity of boring pieces, the subjects reported boredom early 
in the first half of the piece, but not near the end. 

3.2. Statistical Analysis

As the number of perceived boring and non-boring 
pieces were different between the subjects, for each sub-
ject, the average power of perceived boring and the aver-
age power of perceived non-boring pieces were calcu-
lated particularly for each frequency band. Furthermore, 
listening to boring piece and non-boring piece were de-
fined as the song-type factor (two levels). In other hand, 
song-segment was also defined as the second factor (four 
levels). Hence, numbers of five two-way repeated mea-
sure analysis of variance (ANOVA) tests were conducted 
to test whether these two factors have significant effect 

on measured powers of different spectral bands. These 
two factors showed to have effect only on beta 2 power:

The two-factor analysis of variance showed no signif-
icant main effect for the song-type factor, F(1,7)=3.3, 
P>.05; no significant main effect for the song-segment 
factor, F(3,21)=1.7, P>0.05; but the interaction be-
tween song-type and song-segment was significant, 
F(3,21)=3.8, P=0.02. Violations of sphericity were cor-
rected by the Greenhouse- Geiser epsilon correction.

Moreover, in order to determine the simple main ef-
fects of song-type factor on the interaction, four paired t-
test between boring and non-boring pieces beta 2 power 
in all four song segments were conducted. The results in-
dicate that the beta 2 mean power for boring (M=898.3, 
SD=154.7) and non-boring (M=1127.5, SD=274.7) 
pieces were significantly different (t(7)=-2.31, P=0.04) 
only in the first segment.

Figure 3. Subjects mean reaction times for all 10 musical pieces, the dotted line depict 
average reaction time of subjects.

Figure 4. Changes in beta 2 mean power across different windows. The error bars show the standard 
errors of the means (SEM).
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The beta 2 power changes for boring and non-boring 
pieces in the FC5 electrode are shown in Figure 4. Beta 2 
rhythm shows lower power for the boring pieces and high-
er power for the non-boring pieces during the first segment 
of the pieces in comparison with the other three segments.

3.3. Scalp Topographies

The scalp topographies of boring and non-boring signals, 
over beta 2 frequency bands are shown in Figure 5. The 
mean power of beta 2 band for each channel was calcu-
lated and the scalp topographies for boring and non-boring 
signals were mapped. The maps show different brain ac-
tivity for the boring and non-boring conditions within the 
first segment of the pieces. These differences are mostly 
observed in the left temporal area, but left DLPFC, which 
is the target region of this study, also shows considerable 
power difference between two conditions. The FC5, which 
has been chosen as the proper channel for left DLPFC de-
picts greater beta 2 power in non-boring condition.

4. Discussion

In this study, we measured associations between 
evoked sense of boredom and neural recordings from 
EEG. The left DLPFC region was chosen to be analyzed. 
Beta 2 mean power was significantly different at the first 
segment of the boring and non-boring piece.

The RT results suggest the first segment as the most 
rated one in which the subjects have reported their sense 
of boredom. Interestingly, the results for the first group 
analysis have also suggested that only time span wherein 
the beta 2 mean power between the boring and non-bor-
ing pieces was different. So, these results might indicate 
the beta 2 mean power as a proper brain index for bore-
dom.

4.1. Comparison to Previous Music Emotion Studies

Brain rhythms have been used as a reliable marker for in-
vestigating human emotion induced by musical stimuli. In 
majority of music emotion studies, theta rhythm has been 
reported to have different features for pleasant and unpleas-
ant music in different part of the brain. For example, in an 
study, lower theta relative power has been detected during 
listening to an unpleasant sound comparing to listening to 
a piece of music as a pleasant sound (Ramos & Corsi-Ca-
brera, 1989; Yuan et al., 2000). Also pleasant (contrasted 
to unpleasant) music has been shown to be associated 
with an increase of frontal midline theta power (Sammler, 
Grigutsch, Fritz & Koelsch, 2007b) and total theta power 
(Kabuto et al., 1993). However, in this study, we have also 
found beta power operating differently between boring and 
non-boring musical pieces in left DLPFC.

4.2. Relationship to Attention

Boredom is a mental state that is poorly understood 
and defined differently. Eastwood et al. (2012) defined 
it as “the aversive state that occurs when we (a) are not 
able to successfully engage attention with internal (e.g. 
thoughts and feelings) or external (e.g. environmental 
stimuli) information required for participating in satis-
fying activity; (b) are aware of the fact that we are not 
able to engage attention which can take the form of 
either awareness of a high degree of mental effort ex-
pended in an attempt to engage in the task at hand or 
awareness of engagement with task-unrelated concerns 
(e.g. mind wondering); and (c) attribute the cause of our 
aversive state to the environment (e.g. “this task is bor-
ing”, “there is nothing to do”) (Eastwood et al., 2012). 
Thus, boredom and attention might be closely correlated 
but boredom might require higher-level processing of at-
tention state. We examined the neural dynamics over left 

Figure 5. Scalp topographies for boring (left) and non-boring (right) conditions show beta 2 power 
activity within the first segment of the pieces. 
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