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Abstract. [Purpose] This study examined whether the alpha rhythm sleep alters the EEG activity and response 
time in the attention and concentration tasks. [Subjects and Methods] The participants were 30 healthy university 
students, who were randomly and equally divided into two groups, the experimental and control groups. They were 
treated using the Happy-sleep device or a sham device, respectively. All participants had a one-week training pe-
riod. Before and after training sessions, a behavioral task test was performed and EEG alpha waves were measured 
to confirm the effectiveness of training on cognitive function. [Results] In terms of the behavioral task test, reaction 
time (RT) variations in the experimental group were significantly larger than in the control group for the attention 
item. Changes in the EEG alpha power in the experimental group were also significantly larger than those of the 
control group. [Conclusions] These findings suggest that sleep induced using the Happy-sleep device modestly en-
hances the ability to pay attention and focus during academic learning.
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INTRODUCTION

Sleep function is known to include physical and psycho-
logical restoration and recovery, memory consolidation, 
the discharge of emotions, and the enhancement of cogni-
tive processes1). Cognitive processes are related to intrinsic 
academic motivation, learning performance, and task per-
formance, and thus, the cognitive aspects of sleep function 
have become a popular theme these days2–4).

It is well known that sleep is closely related to cognitive 
function, for example, it has been reported that poor sleep 
quality is associated with decrements in performance in 
tests of cognition, especially executive function1, 5, 6). In ad-
dition, some studies have reported that task performances, 
such as, arousal, reaction time, arithmetic operation, short-
term or long-term memory, and logic/reasoning decrease 
when people are deprived of sleep5–8). These findings sug-
gest that poor sleep quality can have a negative effect on 
academic performance. In particular, poor sleep can deplete 
attention and lead to fatigue resulting in severe impedi-

ments to academic work9, 10).
Many previous studies have addressed the relationship 

between attention and brainwaves. In particular, the alpha 
waveband has been found to contribute perceptual facilita-
tion as a result of featured-based visual attention11–15). Al-
pha waves are relatively lower than other waves, like beta 
waves, and are closely related to memory, creativity, and 
academic performance, because they appear during a stable 
state of the brain, which seems to be in the best state in 
terms of learning and attention16–18). Furthermore, many tri-
als have been undertaken to prompt brain states to achieve 
recovery from memory disorders and cognitive functions19). 
In addition, some studies have reported that EEG activity of 
the alpha and theta wavebands reflect cognitive and memo-
ry performance16, 20–23). It has also been reported that a peak 
alpha rhythm of less than 10 Hz is associated with poorer 
academic performance and that an alpha rhythm frequen-
cy of more than 10 Hz is associated with better academic 
performance19). Furthermore, α waves provide an excellent 
means of inducing sleep, and it has been shown that alpha 
rhythm is related to NREM (Non-Rapid Eye Movement) at 
the beginning of sleep24, 25).

Despite of these studies, there is a lack of evidence to 
suggesting a relationship between induced alpha rhythm 
sleep and attention/cognitive performance. Hence, in this 
study, we undertook to investigate the effectiveness of al-
pha rhythm induced sleep on attention.
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SUBJECTS AND METHODS

Subjects
Thirty healthy normal subjects were recruited for this 

study. Individuals with a neurological or visual impairment 
or a cognition problem were excluded. All subjects were as-
signed randomly to either the experimental group, which 
used the Happy-sleep device, or the control group which 
used a sham device. The study was approved by the Daegu 
university ethics committee and participants provided their 
written informed consent.

Methods
The Happy-sleep sound pillow and Happy-sleep applica-

tion are produced by Rabiotech (Seoul, Korea). The sound 
pillow has a bone conduction transducer that can convert 
electrical signals into vibrations. Thus, allowing sound to 
be directly conducted to skull and then to the inner ear 
without being conducted through the eardrum when the 
occipital region is closely in contact with the device. The 
Happy-sleep application contains a program to induce deep 
sleep by emitting only alpha and theta waves. This program 
is claimed not only to induce deep sleep, but also to improve 
academic performance by inducing alpha and theta waves. 
The studies have been performed to confirm the results of 
this program in Korea, and it has been approved by Ko-
rean Mind Training Center (KMTC). The sham device used 
had an identical shape and produced the same sound. The 
frequencies generated by the sham device were randomly 
mixed so as not to settle on any frequent wave, such as, 
those of an alpha or theta waves, or any other known brain-
wave. In addition, no particular wave was provided for more 
than a second. All other characteristics related to typical 
use of the Happy-sleep application were imitated.

Before and after the intervention, a brainwave measure-
ment system, QEEG-8 (LXE 3208, LAXTHA Inc., Korea), 
comprising of 8 channels and Telescan software (LAXTHA 
Inc., Korea), were used to measure and analyze EEG activ-
ity. Rehacom (HASOMED GmbH, Germany), which is a 
Cognitive Rehabilitation/Brain Performance Training sys-
tem, was also used to assess Attention and concentration in 
the behavioral task performance.

This study had a randomized controlled trial design. All 
subjects in the experimental and control groups performed 
a behavioral task in the pre- (Day 1) and post test (Day 9) 
sessions. Between test sessions, there was a one-week train-
ing period. In intervention period, all subjects practiced for 
an hour before sleep each day with the Happy-sleep or sham 
device, depending on the experimental condition. In the test 
session, The behavioral task was performed using the At-
tention & Concentration section of the Rehacom program. 
The test consists of 3 trials and has 24 levels and it involves 
finding a picture on the screen that matches a provided pic-
ture. After 10 minutes testing, the number of trials, maxi-
mum response time, and minimum response time at each 
level were measured and compared between the pre- and 
post-testing.

For EEG measurements, brainwaves were measured 
over a 10-minute period while performing the Rehacom 

program with 8 electrodes attached to the scalp. Activity 
in 8 channels was recorded at Fz, Cz, Pz, C3, C4, T7, and 
T8 in the left/right hemispheres. Electrode placement was 
in accordance with the international 10–20 system, using 
an electrode cap. Reference and ground electrodes were at-
tached to the left and right mastoid processes, respectively.

After both groups had performed the pre-testing on the 
first day, each device was used for a week, and then the 
post-testing was performed on the ninth day. During the 
experimental period, all subjects were asked to use the 
Happy-sleep sound pillow with the application or the sham 
device respectively for an hour before sleep every day. In 
addition, they were also instructed not to consume alcohol 
or caffeine during the study period. Each subject kept a di-
ary, and these were used to confirm that they had complied 
with the study protocol.

Demographic data such as age (22.87±1.63 years) and 
gender (male: 13, female: 17) were analyzed by one way 
ANOVA. To demonstrate intergroup difference in response 
time changes during the attention task, two dependents 
variables, namely, maximum reaction time (RT) and mini-
mum RT, were analyzed using the independent t-test. Dif-
ferences in EEG alpha power during the attention task be-
tween the experimental and control groups were analyzed 
using the independent t-test for each of the eight channels 
(Fz, Cz, Pz, C3, C4, T7, and T8). All data were analyzed 
using SPSS ver. 18.0 for Windows, and α=0.05 was used as 
the level of significance.

RESULTS

No significant difference in gender (male: 13, female: 17) 
or age (22.87±1.63 years), which would have affected per-
formance in the attention task, was found. Table 1 displays 
the difference between pre- and post-test of the maximum 
and minimum RTs for each group. For all variables, bivari-
ate analysis showed that RT variation in the experimental 
group was significantly larger than in the control group 
(p<0.05). Variations of EEG alpha power for the eight chan-
nels (Fz, Cz, Pz, C3, C4, T7, and T8) are presented in Table 
2. In all channels, changes of EEG alpha power in the ex-
perimental group were significantly larger than in the con-
trol group (p<0.05).

DISCUSSION

In the current study, we found significant reliable im-
provements in performance at the attention task and in al-
pha power of EEG activity after sleep when the device was 

Table 1. The comparison of reaction times by performing the 
attention task in the each group

Device group Sham-device group
Max RT −1892.00±913.85 2892.79±1873.09 *
Min RT −1689.85±628.03 112.79±255.77 *
Data=Mean ± SE, *p<0.05 between Device group and Sham de-
vice group, Max RT: Maximum Reaction Time, Min RT: Mini-
mum Reaction Time
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used. However, no significant changes were observed in the 
sham-device group. These results imply that sleep produced 
using the device provides a modest enhancement in atten-
tion and focus during academic learning.

Our finding of a decline in response times is in line with 
previous behavioral experiments using the attention task, 
and these reflect a gradual reduction in audio-visual en-
trainment (AVE). Many previous studies have reported that 
the AVE device can increase attentional skill and decrease 
impulsive behavior26–28). In addition, according to prior 
studies conducting cognitive performance and functional 
outcome with cognitive remediation therapy, motor skill 
training with the audio-visual stimulation improved perfor-
mance, indicating that sensorimotor integration processing 
is a part of motor skill learning29, 30). Thus, we speculate 
that sleep induced with the device could reduce processing 
times via cognitive entrainment and increase motor skills.

Recently, many neural activity studies have investigated 
changes in brain wave activity in different brain areas and 
their relationships with behavioral changes. According to 
previous EEG studies, EEG activity of neural areas con-
cerned with deficient attention, hyperactivity, and insuffi-
cient sleep, show relatively lower alpha activity31–33). Sev-
eral studies have revealed that alpha activity, and not theta 
or beta activity, is the major band associated with arousal, 
which has been linked to attention, perceptual processing, 
and semantic memory16, 34). Moreover, alpha activity is of 
specific interest because its frequency is thought to reflect 
indirectly the level of cortical activation underlying brain 
regions34, 35). Greater alpha activity is thought to reflect ac-
tive preparation of the cortical system for complex informa-
tion processing, that is, to increase the state of preparedness 
to perform a task. Accordingly, greater alpha activity is re-
lated to positive behavioral outcomes, including rapid and 
accurate responses, and enhanced cognitive task perfor-
mance, such as, at attention and target detecting tasks36–38). 
In the present study, the global increases in alpha activity 
observed are in line with the findings of previous studies, 
which found that physiologic arousal and relaxation are 
achieved during cognitive task. Therefore, it is believed that 
alpha activity oscillators induce synchronization between 
immediate execution and selective inhibition by inducing 
the neuronal excitabilities of multiple processes.

These findings showed that higher alpha activity after 
sleep with the device could have a direct impact on brain re-
gions, and effectively improve cortical excitability subserv-
ing particular cognitive functions, such as, attention. Fur-
thermore, the combined use of this facilitatory device and 
training could enhance academic learning. We acknowl-
edge that this study has some limitations, for example, task 
complexity and difficulty were not considered. In addition, 
we did not analyze cortical excitability volumes of various 
brain areas.

Further studies on the efficacy of performing and neural 
mechanisms underlying various behavioral tasks and com-
parisons of changes in various brain areas as determined by 
neuro-imaging techniques are required.

REFERENCES

1) Julio F, Mendoza EOB, Karataraki M, et al.: Insomnia with objective short 
sleep duration is associated with deficits in neuropsychological perfor-
mance: a general population study. Sleep, 2009, 33: 459–465.

2) Mizuno K, Fukuda S, Imai-Matsumura K, et al.: Relationship between 
cognitive function and prevalence of decrease in intrinsic academic moti-
vation in adolescents. Behav Brain Funct, 2011, 7: 4.  [CrossRef]

3) Deci EL, Williams GC: Need satisfaction and the self-reguation of learn-
ing. Learn Individ Differ, 1996, 8: 165–183.  [CrossRef]

4) Ryan RM: Intrinsic and extrinsic motivations: classic definitions and new 
directions. Contemp Educ Psychol, 2000, 25: 54–67. [Medline]  [Cross-
Ref]

5) Varkevisser M: Chronic insomnia and performance in 24-h constant rou-
tine study. J Sleep Res, 2005, 14: 49–59. [Medline]  [CrossRef]

6) Edinger JD, Carney CE, Krystal AD: Psychomotor performance deficits 
and their relation to prior night’s sleep among individuals with primary 
insomnia. Sleep, 2008, 31: 599–607. [Medline]

7) Kortte KB, Windham WK: The trail making test, part B: cognitive flex-
ibility or ability to maintain set? Appl Neuropsychol, 2002, 9: 106–109. 
[Medline]  [CrossRef]

8) Backhaus J, Born J, Hohaus K, et al.: Impaired declarative memory con-
solidation during sleep in patients with primary insomnia: influence of 
sleep architecture and nocturnal cortisol release. Biol Psychiatry, 2006, 
60: 1324–1330. [Medline]  [CrossRef]

9) Rasch B: Maintaining memories by reactivation. Curr Opin Neurobiol, 
2007, 17: 698. [Medline]  [CrossRef]

10) Walker MP: The role of sleep in cognition and emotion. Ann N Y Acad Sci, 
2009, 1156: 168–197. [Medline]  [CrossRef]

11) Kelly SP, Reilly RB, Foxe JJ: Increases in alpha oscillatory power reflect 
an active retinotopic mechanism for distracter suppresession during sus-
tained visuospatial attention. J Neurophysiol, 2006, 95: 3844–3851. [Med-
line]  [CrossRef]

12) Kelly SP, Foxe JJ: The strength of anticipatory spatial biasing predicts tar-
get discrimination at attended locations: a high-density EEG study. Eur J 
Neurosci, 2009, 30: 2224–2234. [Medline]  [CrossRef]

13) Romei V, Thut G: On the role of prestimulus alpha rhythms over occipito-
parietal areas in visual input regulation: correlation or causation? J Neuro-
sci, 2010, 30: 8692–8697. [Medline]  [CrossRef]

14) Romei V, Michel C, Amedi A, et al.: Spontaneous fluctuations in posterior 
alpha-band EEG activity reflect variability in excitability of human visual 
areas. Cereb Cortex, 2008, 18: 2010–2018. [Medline]  [CrossRef]

15) Capotosto P, Romani GL, Corbetaa M: Frontoparietal cortex controls spa-
tial attention through modulation of anticipatory alpha rhythms. J Neuro-
sci, 2009, 29: 5863–5872. [Medline]  [CrossRef]

16) Knyazev GG, Levin EA: Alpha synchronization and anxiety: implica-
tions for inhibition vs. alertness hypotheses. Int J Psychophysiol, 2006, 59: 
151–158. [Medline]  [CrossRef]

17) Klimesch W: EEG alpha and theta oscillations reflect cognitive and mem-
ory performance. A review and analysis. Brain Res Brain Res Rev, 1999, 
29: 169–195. [Medline]  [CrossRef]

18) Klimesch WS, Hanslmayr S: EEG alpha oscillation: the inhibition-timing 
hypothesis. Brain Res Brain Res Rev, 2007, 53: 63–88.  [CrossRef]

19) Jaušovec N: Differences in EEG alpha activity related to giftness. Intel-
ligence, 1996, 23: 159–173.  [CrossRef]

20) Klimesch W, Doppelmayr M, Ripper B: Brain oscillations and human 

Table 2. The comparison of EEG alpha powers under the eight 
channels in the each group

Device group Sham-device group
Ch 1 (Cz) 0.043±0.011 −0.040±0.012 *
Ch 2 (Pz) 0.046±0.013 −0.015±0.008 *
Ch 3 (C4) 0.046±0.010 −0.043±0.010 *
Ch 4 (C3) 0.039±0.013 −0.019±0.011 *
Ch 5 (Fz) 0.046±0.011 −0.019±0.009 *
Ch 6 (Oz) 0.040±0.014 −0.030±0.007 *
Ch 7 (T8) 0.051±0.015 −0.054±0.013 *
Ch 8 (T7) 0.033±0.018 −0.030±0.012 *
Data=Mean ± SE, *p<0.05 between Device group and Sham de-
vice group

http://dx.doi.org/10.1186/1744-9081-7-4
http://dx.doi.org/10.1016/S1041-6080(96)90013-8
http://www.ncbi.nlm.nih.gov/pubmed/10620381?dopt=Abstract
http://dx.doi.org/10.1006/ceps.1999.1020
http://dx.doi.org/10.1006/ceps.1999.1020
http://www.ncbi.nlm.nih.gov/pubmed/15743334?dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2869.2004.00414.x
http://www.ncbi.nlm.nih.gov/pubmed/18517030?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12214820?dopt=Abstract
http://dx.doi.org/10.1207/S15324826AN0902_5
http://www.ncbi.nlm.nih.gov/pubmed/16876140?dopt=Abstract
http://dx.doi.org/10.1016/j.biopsych.2006.03.051
http://www.ncbi.nlm.nih.gov/pubmed/18222688?dopt=Abstract
http://dx.doi.org/10.1016/j.conb.2007.11.007
http://www.ncbi.nlm.nih.gov/pubmed/19338508?dopt=Abstract
http://dx.doi.org/10.1111/j.1749-6632.2009.04416.x
http://www.ncbi.nlm.nih.gov/pubmed/16571739?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16571739?dopt=Abstract
http://dx.doi.org/10.1152/jn.01234.2005
http://www.ncbi.nlm.nih.gov/pubmed/19930401?dopt=Abstract
http://dx.doi.org/10.1111/j.1460-9568.2009.06980.x
http://www.ncbi.nlm.nih.gov/pubmed/20573914?dopt=Abstract
http://dx.doi.org/10.1523/JNEUROSCI.0160-10.2010
http://www.ncbi.nlm.nih.gov/pubmed/18093905?dopt=Abstract
http://dx.doi.org/10.1093/cercor/bhm229
http://www.ncbi.nlm.nih.gov/pubmed/19420253?dopt=Abstract
http://dx.doi.org/10.1523/JNEUROSCI.0539-09.2009
http://www.ncbi.nlm.nih.gov/pubmed/15961174?dopt=Abstract
http://dx.doi.org/10.1016/j.ijpsycho.2005.03.025
http://www.ncbi.nlm.nih.gov/pubmed/10209231?dopt=Abstract
http://dx.doi.org/10.1016/S0165-0173(98)00056-3
http://dx.doi.org/10.1016/j.brainresrev.2006.06.003
http://dx.doi.org/10.1016/S0160-2896(96)90001-X


J. Phys. Ther. Sci. Vol. 25, No. 12, 20131518

memory: EEG correlates in the upper alpha and theta band. Neurosci Lett, 
1997, 238: 9–12. [Medline]  [CrossRef]

21) Budzynski TB, Sherlin L, Tang H: Short and long term effects of Audio 
Visual Stimulation (AVS) on an Alzheimer’s Patients as documented by 
Quantitative Electoencephalography (QEEG) and low Resolution Electro-
magnetic brain Tomography (LORETA). J Neurother, 2002, 6.

22) Budzynski TJ, Bduzynski H, Tang H, et al.: Academic performance en-
hancement with photic stimulation and EDR feedback. J Neurother, 1999, 
3: 11–21.  [CrossRef]

23) Budzynski TH: Biolight Effects on the EEG. SynchroMed Report, 1998.
24) Roth C, Borbely A: Alpha activity in the human REM sleep EEG: topog-

raphy and effect of REM sleep deprivation. Clin Neurophysiol, 1999, 110: 
632–635. [Medline]  [CrossRef]

25) Ferrara M, Curcio G, Cristiani R, et al.: Regional differences of the hu-
man sleep electroencephalogram in response to selective slow-wave sleep 
deprivation. Cereb Cortex, 2002, 12: 737–748.  [CrossRef]

26) Montgomery EA, Burns W, Russell H: Cinical outcom of a single case 
study of EEG entrainment for closed head injury. Proc. Assoc. Appl Psy-
chophysiol Biofeedback, 1994, 25: 82–83.

27) Carter HLR: A pilot investigation of auditory and visual entrainment of 
brainwave activity in learning-disabled boys. J Tex Cent Educ Res, 1993, 
4: 65–73.

28) Huang TL, Charyton C: A comprehensive review of the psychological ef-
fects of brainwave entrainment. Altern Ther Health Med, 2008, 14: 38–50. 
[Medline]

29) d’Amato T, Bation R, Cochet A, et al.: A randomized, controlled trial of 
computer-assisted cognitive remediation for schizophrenia. Schizophr 
Res, 2011, 125: 284–290. [Medline]  [CrossRef]

30) Magnan A, Veuillet E, Collet L: The effects of an audio-visual training 
program in dyslexic children. Dyslexia, 2004, 10: 131–140. [Medline]  
[CrossRef]

31) Clarke AR, McCarthy R, Selikowitz M: Age and sex effects in the EEG: 
development of the normal child. Clin Neurophysiol, 2001, 112: 806–814. 
[Medline]  [CrossRef]

32) Shi T, Li X, Song J, et al.: EEG characteristics and visual cognitive func-
tion of children with attention deficit hyperactivity disorder (ADHD). 
Brain Dev, 2012. [Medline]  [CrossRef]

33) Clarke AR, McCarthy R, Selikowitz M: Age and sex effects in the EEG: 
differences in two subtypes of attention-deficit/hyperactivity disorder. 
Clin Neurophysiol, 2001, 112: 815–826. [Medline]  [CrossRef]

34) Sauseng PK, Gerloff C, Hummel FC: Spontaneous locally restricted EEG 
alpha activity determines cortical excitability in the motor cortex. Neuro-
psychologia, 2009, 47: 284–288.  [CrossRef]

35) Rohenkohl G, Nobre AC: alpha oscillations related to anticipatory atten-
tion follow temporal expectations. J Neurosci, 2011, 31: 14076–14084. 
[Medline]  [CrossRef]

36) Mo J, Ding M: Attentional modulation of alphaoscillations in macaque 
inerotemporal cortex. J Neurosci, 2011, 31: 878–882. [Medline]  [Cross-
Ref]

37) Rajagovindan R: From prestimulus alpha oscillation to visual-evoked 
response: an inverted-U function and its attentional modulation. J Cogn 
Neurosci, 2011, 23: 1379–1394. [Medline]  [CrossRef]

38) Händel BF, Jensen O: Alpha oscillations correlate with the successful 
inhibition of unattended stimuli. J Cogn Neurosci, 2011, 23: 2494–2502. 
[Medline]  [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/9464642?dopt=Abstract
http://dx.doi.org/10.1016/S0304-3940(97)00771-4
http://dx.doi.org/10.1300/J184v03n03_02
http://www.ncbi.nlm.nih.gov/pubmed/10378731?dopt=Abstract
http://dx.doi.org/10.1016/S1388-2457(98)00060-1
http://dx.doi.org/10.1093/cercor/12.7.737
http://www.ncbi.nlm.nih.gov/pubmed/18780583?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21094025?dopt=Abstract
http://dx.doi.org/10.1016/j.schres.2010.10.023
http://www.ncbi.nlm.nih.gov/pubmed/15180394?dopt=Abstract
http://dx.doi.org/10.1002/dys.270
http://www.ncbi.nlm.nih.gov/pubmed/11336896?dopt=Abstract
http://dx.doi.org/10.1016/S1388-2457(01)00488-6
http://www.ncbi.nlm.nih.gov/pubmed/22459254?dopt=Abstract
http://dx.doi.org/10.1016/j.braindev.2012.02.013
http://www.ncbi.nlm.nih.gov/pubmed/11336897?dopt=Abstract
http://dx.doi.org/10.1016/S1388-2457(01)00487-4
http://dx.doi.org/10.1016/j.neuropsychologia.2008.07.021
http://www.ncbi.nlm.nih.gov/pubmed/21976492?dopt=Abstract
http://dx.doi.org/10.1523/JNEUROSCI.3387-11.2011
http://www.ncbi.nlm.nih.gov/pubmed/21248111?dopt=Abstract
http://dx.doi.org/10.1523/JNEUROSCI.5295-10.2011
http://dx.doi.org/10.1523/JNEUROSCI.5295-10.2011
http://www.ncbi.nlm.nih.gov/pubmed/20459310?dopt=Abstract
http://dx.doi.org/10.1162/jocn.2010.21478
http://www.ncbi.nlm.nih.gov/pubmed/20681750?dopt=Abstract
http://dx.doi.org/10.1162/jocn.2010.21557

