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B ABSTRACT

Objectives: Sound and light (SL) stimulation has been used as a method to induce some useful mental states in the fields of
psychology and psychiatry. It is believed that sound and light entrainment device (SLED) has some specific effects through
synchronization of EEG in patients who use it. Theta frequency is believed to stimulate deep relaxation and short term memory
processing. This study was conducted to evaluate if 4—10 Hz SL stimulation can induce relaxation and improve short term memory
function.

Methods: Ten medical students with no medical or psychiatric problems participated in this study. Subjects were randomly divided
into two groups. One group was applied with real SLED was applied to one group (R group) and pseudo SLED to the other group (P
group). The two groups were exposed to SL stimulation with SLED 15 minutes a day for 5 days, and after two days rest the two
groups were switched over. The Korean Wechsler Adult Intelligence Scale (K—WAIS), Academic Motivation Tests (AMT), Test Anxiety
Scale (TAS), Korean Auditory Verbal Learning Test (K—AVLT), and digit span were used to evaluate short term memory. Spielberger's
State—Trait anxiety inventory and heart rate variability (HRV) test were used to evaluate degree of relaxation.

Results: Compared with S group, R group showed a significant improvement in K—AVLT and digit span after a single application of
SL stimulation. But 5—day long application did not reveal any differences between the two groups. A significant change in HRV was
observed in 5—day long application of SL stimulation after being switched over to other SLED.

Conclusion: This pilot study suggests that 4—10 Hz SL stimulation has some positive influences on short term memory and
relaxation. Sleep Medicine and Psychophysiology 2004 ; 11(1) : 29-36
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Table 1. The time table of the applied evaluation items

Visit 1 (1st day) Visit 2 Visit 3 Visit 4
(5th day) 2 day off (1st day) (5th day)

Baseline evaluation Test 1 Test 2 Test 3 Test 4
Informed consent \%
Inclusion/exclusion criteria \%
Inteligence quotient (KWAIS) \Y;
Academic motivation test \%
Test Anxiety Scale \% Cross over
K-AVLT \Y% Vv Vv Vv Vv
Extended Digit Span test \% \% \% \% \%
STAI Vv Vv Vv Vv Vv
HRV \Y% Vv Vv \Y% Vv

KWAIS : Korean Wechsler Adult Inteligence Scale, K-AVLT : Korea Auditory Verbal Learning Test, STAI : State and Trait Anxiety

Inventory, HRV : Heart Rate Variability

1) S 4218 AS3 Al5HM(Korean Wechsler Adult
Intelligence Scale : K-WAIS) (21)
1992:de] mFshE A1E AeHAre] FEFoloh e
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2) S5 IHA(Academic Motivation Tests : AMT)
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3) NE=2t HAH(Test Anxiety Scale : TAS) (23)

AJ&EQE AAR= Mandler (24) ol 2JajM 218802 A
2kl TAQ(Test Anxiety Questionnaire) & Sarason(25)
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4) ot 2lojskS 1| MAK(Korean Auditory Verbal Learn-
ing Test : K-AVLT) (26)
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5) KM HAK(Digit span)
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Table 2. The demographic data and baseline evaluation results

P group (N=5) R group (N=5) U o
Mean Mean rank Mean Mean rank
Age (years) 246+ 2.7 5 24.4+ 05 6 10 ns
Male/Female 5/0 5/0 ns
Education (years) 16 + 0 55 16 + 0 55 12.5 ns
Inteligence (IQ) 124 +10.3 4.7 131 + 3.7 6.3 8.5 ns
Academic motivation test score 160.2+22.1 6.4 175.6+12.2 4.6 8 ns
Self efficacy 97.2+13.5 4.4 105.2+ 6.4 6.6 7 ns
Failure tolerance 63 * 9.3 4.6 704+ 7.6 6.4 8 ns
Test anxiety score 154+ 6.1 5.1 12.8+ 5.2 5.9 10.5 ns
Mann-Whitney test was used for statistical analysis. P means pseudo, and R real
Table 3. The results of short-term memory test
P group (N=5) R group (N=5) U o
Mean Mean rank Mean Mean rank
K-AVLT total score 50.0£7.5 4.1 56.6 £8.7 6.9 5.5 ns
Recall 11.2+14 3.9 13.0£14 7.1 45 ns
Baseline Recognition 13.6+1.1 4.1 14.6+0.5 6.9 5.5 ns
Digit Span total score 15.6+5.5 4.7 17.8+3.8 6.3 8.5 ns
Forward digit span 8.0+25 4.9 9.2+21 6.1 9.5 ns
Backward digit span 7.6+3.0 4.7 9.2+3.1 6.3 2 ns
K-AVLT total score 53.2*£4.6 3.4 61.4+4.3 7.6 2 0.032
Recall 11.0£2.0 3.9 13.4%£2.0 7.1 45 ns
Recognition 14.0+1.2 4 15.0+0.0 7 5 ns
Testd Digit Span total score 14.4+2.9 3.4 20.8+4.5 7.6 2 0.032
Forward digit span 7.8+1.9 3.6 11.0+2.0 7.4 3 0.056
Backward digit span 6.6+15 3.8 9.8+2.8 7.2 4 ns
K-AVLT total score 60.66.5 5.6 58.2+12.2 5.4 12 ns
Recall 12.6+1.9 5.6 12.4+27 5.4 12 ns
Test 2 Recognition 14.2+1.0 5.8 13.8+1.6 5.2 11 ns
Digit Span total score 17.6+3.2 5.6 18.2+6.5 5.4 12 ns
Forward digit span 9.6+1.5 5.5 10.2+3.7 5.5 12.5 ns
Backward digit span 8.0+2.9 5.5 8.0+3.1 5.5 12.5 ns
K-AVLT total score 61.6+-5.3 4.6 59.6+4.0 6.4 8 ns
Recall 134*11 5.2 13.0£1.2 5.8 11 ns
Test 3 Recognition 14.4+0.5 4.9 14.0+1.0 6.1 9.5 ns
Digit Span total score 19.6+3.7 5.9 20.0+t2.4 5.1 10.5 ns
Forward digit span 10.6+1.8 5.5 10.6+1.6 5.5 12.5 ns
Backward digit span 9.0+2.0 5.9 9.4+2.0 5.1 10.5 ns
K-AVLT total score 63.4+-8.6 4.4 57.8+7.3 6.6 7 ns
Recall 14.6+0.8 4.2 11.8+£3.2 6.8 6 ns
Recognition 13.8+1.0 5.9 13.8+1.7 5.1 10 ns
Test4 Digit Span total score 19.6+4.9 5.9 19.8+4.6 5.1 10.5 ns
Forward digit span 9.4+2.4 5.8 10.0+2.5 5.2 11 ns
Backward digit span 10.2+3.5 5.2 9.8+25 5.8 11 ns

Mann-Whitney test was used for statistical analysis. P means pseudo, and R real
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Table 4. The changes of state and trait anxiety inventory (STAI) score

P group (N=5)

R group (N=5)

Mean Mean rank Mean Mean rank v P

STAl-state 45.6+11.3 6.4 38.0t 6.2 4.6 1.308 ns

Baseline STAIl-trait 47.6+12.0 6.7 37.8+ 9.9 4.3 1.403 ns
STAl-total 93.2+£22.9 6.7 75.8+15.7 4.3 1.397 ns

STAl-state 42.0+ 7.9 5.7 40.8+ 8.2 5.3 0.234 ns

Test 1 STAI-trait 47.2+ 8.8 6.9 37.6+10.3 4.1 1.576 ns
STAl-total 89.2+16.6 6.6 78.4+17.7 4.4 0.991 ns

STAl-state 39.8+ 8.0 5.8 39.8+ 9.4 5.2 0.00 ns

Test 2 STAIl-trait 43.0Ef 5.4 6.7 36.0£10.17 4.3 1.357 ns
STAl-total 82.8+13.3 6.2 75.8+16.6 4.8 0.735 ns

STAl-state 35.2+ 83 6.6 414+ 7.4 4.4 1.240 ns

Test 3 STAl-trait 37.2%£11.0 6.6 424+ 57 4.4 0.931 ns
STAl-total 72.4+19.3 6.7 83.8+10.3 4.3 1.164 ns

STAl-state 34.8+ 8.87 6.1 41.2+15.6 4.9 0.795 ns

Test 4 STAl-trait 36.611.2 6.7 44.8+13.2 4.3 1.055 ns
STAl-total 71.4%+20.0 6.6 86.0+28.7 4.4 0.932 ns

Mann-Whitney test was used for statistical analysis. P means pseudo, and R real

5 RGHOR ARG A 492A75S A
she oz Agel A BT AH, FHoz 23
sh= o QA Asezg AuAel BEE 245

I 3UHH(31,32).

e, A5, glsrl, AldE
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Fig. 1. The changes of K-AVLT scores during sound and light (SL)
application. The scores of test 3 and test 4 are results of cross
over between real and pseudo SL stimulation. *means p<0.05.
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Fig. 2. The changes of Digit Span score during sound and light
(SL) application. The scores of test 3 and 4 are results of cross
over between real and pseudo SL stimulation. *means p<0.05.
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Table 5. The Changes of Heart Rate Variability (HRV)

P group (N=5)

R group (N=5)

Mean Mean rank Mean Mean rank v P
MHR (bpm) 65.9+ 5.2 5.4 68.8+ 11.2 5.6 12 ns
SDNN 58.4+ 17.8 4.2 745+ 226 6.8 6 ns
LF (msec) 949.5+736.2 5.2 804.5+335.2 5.8 11 ns
Baseline  HF (msec) 527.2+315.0 5.4 569.0+381.9 5.6 12 ns
LF-Norm (%) 59.7+ 7.8 5.8 57.8+ 105 5.2 11 ns
HF-Norm (%) 36.4+ 87 5.6 36.4+ 11.6 5.4 12 ns
LF/HF 1.7+ 05 55 1.7+ 0.7 55 12.5 ns
MHR (bpm) 64.8+ 54 5.6 67.4+ 11.6 54 12 ns
SDNN 59.0+ 28.4 4.4 100.6+ 58.3 6.6 7 ns
LF (msec) 527.3+467.2 3.6 1280.4+687.3 7.4 3 0.056
Test 1 HF (msec) 445.1+147.6 4.2 989.1+608.6 6.8 6 ns
LF-Norm (%) 46.3+ 14.2 5.7 474+ 215 5.3 11.5 ns
HF-Norm (%) 50.8+ 16.1 6.9 33.2+ 154 4.1 55 ns
LF/HF 1.1+ 09 4.3 1.7+ 13 6.7 6.5 ns
MHR (bpm) 67.2+ 45 6.1 66.0+ 10.1 4.9 9.5 ns
SDNN 60.5+ 29.4 4.8 84.4+ 49.2 6.2 9 ns
LF (msec) 788.3+£520.5 4.8 4620.9+8147.7 6.2 9 ns
Test 2 HF (msec) 713.0+£697.5 4.8 2869.3+4636.0 6.2 9 ns
LF-Norm (%) 55.8+ 10.0 5.8 53.6+ 14.6 5.2 11 ns
HF-Norm (%) 415+ 74 6 37.7+ 142 5 10 ns
LF/HF 14+ 04 4.8 1.6+ 0.9 6.2 9 ns
MHR (bpm 66.7+ 5.7 6 69.7+ 20.8 5 10 ns
SDNN 452+ 9.0 3.8 64.5+ 20.3 7.2 4 0.095
LF (msec) 497.5+280.5 5 781.6+633.4 6 10 ns
Test 3 HF (msec) 380.21+114.2 5.6 570.5+569.5 6.4 12 ns
LF-Norm (%) 51.9+ 123 54 549+ 211 5.6 12 ns
HF-Norm (%) 45.0+ 15.7 5.6 43.6+ 221 54 12 ns
LF/HF 1.3+ 0.6 55 1.9+ 17 55 12.5 ns
MHR (bpm) 67.8+ 9.9 5.6 70.8+ 18.2 5.4 12 ns
SDNN 499+ 83 5 61.0+ 26.5 6 10 ns
LF (msec) 877.4+796.2 6 514.1+313.6 5 10 ns
Test 4 HF (msec) 255.2+252.0 4.4 618.6+502.2 6.6 77 ns
LF-Norm (%) 69.6+ 10.7 7.2 45.6+ 16.5 3.8 4 0.095
HF-Norm (%) 27.7+ 130 3.8 48,5+ 16.5 7.2 4 0.095
LF/HF 3.7t 36 7.4 1.1+ 0.9 3.6 3 0.056

MHR : mean heart rate, SDNN : standard deviation of NN interval, LF : low frequency, HF : high frequency, LF-Norm : normalized low
frequency, HF-Norm : normalized high frequency
Mann-Whitney test was used for statistical analysis. P means pseudo, and R real
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