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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.
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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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Figure 3. Subjects mean reaction times for all 10 musical pieces, the dotted line depict NEUR%SCIENCE

average reaction time of subjects.

sponse is often received within 30 to 40 seconds. The
numbers of clicks in four windows are as follow: 1*
(n=36), 2™ (n=27), 3" (n=12) and 4™ (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.

Beta 2 (16-20 Hz)

1200 L
g 1100 [ J. T T Jl
§ 1000 - J. J.
900 - }------- +
800 x L R
1 2 3 4
Number of Windows

=«@= Boring <==@==Non-Boring

NEURZSCIENCE

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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Figure 5. Scalp topographies for boring (left) and non-boring (right) conditions show beta 2 power

activity within the first segment of the pieces.

The beta 2 power changes for boring and non-boring
pieces in the FCS 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




[RESEARCH PAPERS

October 2014 . Volume 5. Number 4

Psychopharmacology, 164(3), 277-284. doi: 10.1007/s00213-002-
1205-0

Delorme, A., & Makeig, S. (2004). EEGLAB: an open source tool-
box for analysis of single-trial EEG dynamics including inde-
pendent component analysis. Journal of Neuroscience Methods,
134(1), 9-21. doi: 10.1016/j.jneumeth.2003.10.009

Eastwood, J. D., Frischen, A., Fenske, M. J., & Smilek, D. (2012).
The Unengaged Mind Defining Boredom in Terms of Atten-
tion. Perspectives on Psychological Science, 7(5), 482-495. doi:
10.1177/1745691612456044

Field, T., Martinez, A., Nawrocki, T., Pickens, J., Fox, N. A, &
Schanberg, S. (1997). Music shifts frontal EEG in depressed
adolescents. Adolescence, 33(129), 109-116.

Flores-Gutiérrez, E. O., Diaz, J. L., Barrios, F. A., Favila-Humara,
R., Guevara, M. A., del Rio-Portilla, Y., & Corsi-Cabrera, M.
(2007). Metabolic and electric brain patterns during pleasant
and unpleasant emotions induced by music masterpieces.
International Journal of Psychophysiology, 65(1), 69-84. doi:
10.1016/j.ijpsycho.2007.03.004

Fregni, F., Liguori, P., Fecteau, S., Nitsche, M. A., Pascual-Leone,
A., & Boggio, P. S. (2008). Cortical stimulation of the prefron-
tal cortex with transcranial direct current stimulation reduces
cue-provoked smoking craving: a randomized, sham-con-
trolled study. The Journal of Clinical Psychiatry, 69(1), 32-40.

Gross, J., Schmitz, F., Schnitzler, I., Kessler, K., Shapiro, K., Hom-
mel, B., & Schnitzler, A. (2004). Modulation of long-range neu-
ral synchrony reflects temporal limitations of visual attention
in humans. Proceedings of the National Academy of Sciences of the
United States of America, 101(35), 13050-13055. doi: 10.1073/
Ppnas.0404944101

Kabuto, M., Kageyama, T., & Nitta, H. (1993). EEG power spec-
trum changes due to listening to pleasant music and their re-
lation to relaxation effects. Nihon Eiseigaku Zasshi. Japanese
Journal of Hygiene, 48(4), 807-818.

Koelsch, S., Fritz, T., V. Cramon, D. Y., Miiller, K., & Friederici, A.
D. (2006). Investigating emotion with music: An fMRI study.
Human Brain Mapping, 27(3), 239-250. doi: 10.1002/hbm.20180

Koshizawa, R., Mori, A., Oki, K., Ozawa, T., Takayose, M., &
Minakawa, N. T. (2013). Beta band patterns in the visible and
masked sections of the coincidence-anticipation timing task.
Neuroreport, 24(1),10-15. doi: 10.1097/ WNR.0b013e32835b91 cf

Lazzaro, 1., Gordon, E., Whitmont, S., Plahn, M., Li, W., Clarke,
S., etal. (1998). Quantified EEG activity in adolescent attention
deficit hyperactivity disorder. Clinical EEG (electroencephalog-
raphy), 29(1), 37-42.

Mann, C. A., Lubar, J. F., Zimmerman, A. W., Miller, C. A, &
Muenchen, R. A. (1992). Quantitative analysis of EEG in boys
with attention-deficit-hyperactivity disorder: controlled study
with clinical implications. Pediatric Neurology, 8(1), 30-36.

Mantini, D., Perrucci, M. G., Del Gratta, C., Romani, G. L., &
Corbetta, M. (2007). Electrophysiological signatures of rest-
ing state networks in the human brain. Proceedings of the Na-
tional Academy of Sciences of the United States of America, 104(32),
13170-13175. doi: 10.1073/ pnas.0700668104

Mok, E., & Wong, K. Y. (2003). Effects of music on patient
anxiety. AORN Journal, 77(2), 396-410. doi: 10.1016/S0001-
2092(06)61207-6

Passarotti, A. M., Sweeney, J. A., & Pavuluri, M. N. (2010). Emo-
tion processing influences working memory circuits in pedi-
atric bipolar disorder and attention-deficit/hyperactivity dis-
order. Journal of the American Academy of Child and Adolescent
Psychiatry, 49(10), 1064-1080. doi: 10.1016/jjaac.2010.07.009

Pearce, M., & Rohrmeier, M. (2012). Music cognition and the
cognitive sciences. Topics in Cognitive Science, 4(4), 468-484.
doi: 10.1111/§.1756-8765.2012.01226.x

Petsche, H., Linder, K., Rappelsberger, P., & Gruber, G. (1988).
The EEG: An adequate method to concretize brain processes
elicited by music. Music Perception: An Interdisciplinary Journal,
6(2), 133-159. doi: 10.2307 /40285422

Ramos, J., & Corsi-Cabrera, M. (1989). Does brain electrical ac-
tivity react to music? The International Journal of Neuroscience,
47(3-4), 351-357.

Rubia, K. (2011). “Cool” inferior frontostriatal dysfunction in
attention-deficit/ hyperactivity disorder versus “hot” ventro-
medial orbitofrontal-limbic dysfunction in conduct disorder:
a review. Biological Psychiatry, 69(12), e69-87. doi: 10.1016/j.
biopsych.2010.09.023

Russell, A., Cortese, B., Lorch, E,, Ivey, J., Banerjee, S. P., Moore,
G. ], & Rosenberg, D. R. (2003). Localized functional neuro-
chemical marker abnormalities in dorsolateral prefrontal cor-
tex in pediatric obsessive-compulsive disorder. Journal of Child
and Adolescent Psychopharmacology, 13(Suppl 1), S31-38. doi:
10.1089,/104454603322126322

Salamon, E., Bernstein, S. R., Kim, S. A., Kim, M., & Stefano,
G. B. (2003). The effects of auditory perception and musical
preference on anxiety in naive human subjects. Medical Science
Monitor: International Medical Journal of Experimental and Clini-
cal Research, 9(9), CR396-399.

Sammler, D., Grigutsch, M., Fritz, T., & Koelsch, S. (2007a). Mu-
sic and emotion: Electrophysiological correlates of the pro-
cessing of pleasant and unpleasant music. Psychophysiology,
44(2), 293-304. doi: 10.1111/}.1469-8986.2007.00497.x

Sammler, D., Grigutsch, M., Fritz, T., & Koelsch, S. (2007b). Mu-
sic and emotion: Electrophysiological correlates of the pro-
cessing of pleasant and unpleasant music. Psychophysiology,
44(2), 293-304. doi: 10.1111/}.1469-8986.2007.00497 x

Sangal, R. B., & Sangal, ]. M. (2014). Use of EEG Beta-1 Power
and Theta/Beta Ratio Over Broca’s Area to confirm Diagno-
sis of Attention Deficit/ Hyperactivity Disorder in Children.
Clinical EEG and Neuroscience. doi: 10.1177 /1550059414527284

Sarkamo, T., Tervaniemi, M., Laitinen, S., Forsblom, A., Soinila,
S., Mikkonen, M, et al. (2008). Music listening enhances cog-
nitive recovery and mood after middle cerebral artery stroke.
Brain, 131(3), 866-876. doi: 10.1093 /brain/awn013

Schellenberg, E. G. (2005). Music and Cognitive Abilities. Cur-
rent Directions in Psychological Science, 14(6), 317-320. doi:
10.1111/j.0963-7214.2005.00389.x

Schmidt, L. A., & Trainor, L. J. (2001). Frontal brain electrical
activity (EEG) distinguishes valence and intensity of musical
emotions. Cognition & Emotion, 15(4), 487-500.

Willcutt, E. G, Doyle, A. E., Nigg, J. T., Faraone, S. V., & Pen-
nington, B. F. (2005). Validity of the executive function theory
of attention-deficit/hyperactivity disorder: a meta-analytic
review. Biological Psychiatry, 57(11), 1336-1346. doi: 10.1016/j.
biopsych.2005.02.006

Wilson, S. J., Sayette, M. A., & Fiez, J. A. (2004). Prefrontal re-
sponses to drug cues: a neurocognitive analysis. Nature Neuro-
science, 7(3), 211-214. doi: 10.1038 /nn1200.

Wrébel, A. (2000). Beta activity: a carrier for visual attention.
Acta Neurobiologiae Experimentalis, 60(2), 247-260.

Yuan, Q., Liu, X. H,, Li, D. C, Wang, H. L., & Liu, Y. S. (2000).
[Effects of noise and music on EEG power spectrum]. Hang
tian yi xue yu yi xue gong cheng= Space Medicine & Medical Engi-
neering, 13(6), 401-404.




