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ABSTRACT

The Effects of Aromatherapy by Mandarin Essential Oil on
Brainwave and Brain Utilization Ability in the Middle Aged
Women

Kim, Young Sun

Advisor: Prof. Lee, Mi Ja

Department of Complementary and Alternative Medicine,
Graduate School of Chosun University

Purpose: The aim of this study was to provide aromatherapists with analysis of
the effect of aromatherapy by mandarin essential oil on brainwave and brain
utilization ability in the middle aged women.

Methods: Aromatherapy with mandarin essential oils was given to 53
middle—aged women. Their brain waves were measured three times through
pretest survey, midtest survey, and posttest survey with ‘Smart Brain’ brainwave
measuring equipment. The aromatherapy consisted of inhaling mandarin essential
oil and wearing an aromatherapy necklace for 3 hours.

Results: As a result, it was found that, after aromatherapy with mandarin
essential oil, statistical significance was obtained in the multivariate tests in the
stability of spontaneous potential (p=0.015). In addition, statistical significance
was obtained in multivariate tests in the background brain activity of
spontaneous potential (p=0.021). Statistical significance was also obtained in
multivariate tests in the evoked potential of right brain (p=0.030). In multivariate
tests of changes in brain utilization ability, the brain test (p=0.012), the space
perception ability (p=0.001), the memory power (p=0.003) were statistically
significant.

Conclusion: These results showed the possible positive effects of aromatherapy
by mandarin essential oil on brainwave and brain utilization ability. This study

_iv_
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suggested that aromatherapy can be an economical way to improve the
cognitive health of middle—aged women. Furthermore the data from this study
will be a good resource for aromatherapists.

Key Words: Aromatherapy, Mandarin essential oil, Smart Brain, Brainwave,
Brain utiization ability
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1. A& If

L& AFEN

oo

[ab)
o

2 HAFEsE S IHEAINA SHAMEHHA =2 UEHLI=E DeltallE HI2IoHD, Gammallt,
Betalll, Alphalll, ThetalllE =

Mot =0, 0l = Betall2 =2 =0t ¥4H0l
H-Beta (High-Beta)l}l, =2+ =1tz I HQl M-Beta (Mid-Beta)lll, ¥ =1tz FAHQI

ot CHYAEfel TR ZAF ZH0AM Jlzs SAHS X0
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A2l Of CHE AR HAIIA 282 AE (Table 6)2 ZUE 2 Gammall, H-Beta
Ot, M-Betalll, Alphalll= p<0.052t0l 2tZGIEZ2 SHECLZ KR2oChd & £ U2
Lt, SMRIll= F&A JFA, Greenhouse- Geisser, Huynh-Fildte= p<0.052] X240 2HF
StASLE ot8tat(p=0.073)0| SAHE2Z R2IGIHA LUA2H, Thetalll= FEH IIE,

Greenhouse-Geisser, Huynh-Fildt, otetgt 25 SHECZ K2|otAl L ULCH.
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56.773+8.315 s
1164

1
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Qs
fokgt

95%
A
59.085

58.752
62.198

2
54.482
54.078 53
57.802
50.302
50.805

o

F

ol

54.566
53

95459
59.851

53.278
53

56.415+8.4772
60.000+7.973

54.611

49.175
54.520

1.160
56.865

1.181

52.423+7.734

Gamma
53.132+8.442

12t
56.981+8.598

49.970
>2.494
50.096

54.356
53

1.022
56.251

1.134

2xt
3%
1By
2xt

51.226+7.443

Fi-Beta
52.245+8.252

54.679+7.929

58.417
49.708
53.371
52.689

1.089
1.061
1.329

50.918
53.244
44.896

53

3%t
By
2%t

M-Beta

52.226+7.727
53.584+9.674
55.830+9.384

1.289
1.199
1.407

47724
47.160
53

54.969

62.314
62.810
66.629

3%t
1%
2%t

SMR

47.301+8.727
50.547+10.244

1.378
1.830
1.983
1.978

54.850

49.924+10.030
58.691

3%t

Alpha
By

58.641+13.324
58.830+14.439
62.660+14.399

Xt

Theta
3%t
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Table 5. AL/t ot AMEN

ek 2

s at F MEXNRE LIUKNRE P
Pillaiol EdI0IA 992 1022.827" 6.000 47.000 .000
Wilks2| &tCt .008 1022.827" 6.000 47.000 .000
M2 &2H
Hotelling2l EdI0IA  130.574 1022.827" 6.000 47.000 .000
Roy2l == 130.574 1022.827" 6.000 47.000 .000
Pillai®l EdI0|A 422 2 491° 12.000 41.000 .015
=x Wiks2l &CH 578 2 491" 12.000 41.000 .015
JHAILE
SRy Hotelling2l EdI0lA 729 2 491° 12.000 41.000 .015
Roy2l =UI=2 .729 2 491° 12.000 41.000 .015
Analyzed by Repeated Measured ANOVA, p<.05
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Table 6. AHZLIUtel CHEAMEH 2HE HE
Minss
AA =L M=¢g AR Ho NS F ¢
84 Jts 413.220 2 206.610 7.789  .001
=F Gamma Greenhouse-Geisser 413.220 1.915 215.808 7.789  .001
2| Xt Huynh-Feldt 413.220 1.986 208.040 7.789  .001
otgtat 413.220 1.000 4138.220 7.789  .007
84 IOts 635.635 2 317.818 9.947  .000
H-Beta Greenhouse—Geisser 635.635 1.995 318.686 9.947  .000
Huynh-Feldt 635.635 2.000 317.818 9.947  .000
ofgtat 635.635 1.000 635.635 9.947  .003
“a4d Itd 333.623 2 166.811 4,583 .012
\—Beta Greenhouse-Geisser 333.623 1.762 189.387 4.583 .016
Huynh-Feldt 333.623 1.819 183.449 4583 .015
otgtat 333.623 1.000 333.623 4.583  .037
“&4d A 351.107 2 175.553 3.344  .039
SMR Greenhouse—Geisser 351.107 1.959 179.203 3.344  .040
Huynh-Feldt 351.107 2.000 175.553 3.344  .039
otgtat 351.107 1.000 351.107 3.344  .073
-84 Jts 314.428 2 157.214 5.084  .008
Aloha Greenhouse—Geisser 314.428 1.856 169.453 5.084  .009
Huynh-Feldt 314.428 1.921 163.651 5.084  .009
otgtat 314.428 1.000 314.428 5.084 .028
84 IOtE 545.145 2 272.572 2.263  .109
Theta Greenhouse—Geisser 545.145 1.832 297.521 2.263 114
Huynh-Feldt 545,145 1.896 287.543 2.263 112
otgtat 545,145 1.000 545145 2.263  .139
o3 84 ItE 2758.780 104 25.527
_ Greenhouse—Geisser 2758.780 99.567 27.708
(8 Gamma
51 70) Huynh-Feldt 2758.780  1083.285 26.710
ot &tat 2758.780 52.000 53.053
-84 Itd 3323.031 104 31.952
Greenhouse—Geisser 3323.031  103.717 32.040
H-Beta  uynh-Feldt 3323.031 104.000  31.952
otgtat 3323.031 52.000 63.904
84 IOts 3785.711 104 36.401
M-Beta Greenhouse-Geisser 3785.711 91.603 41.328
Huynh-Feldt 3785.711 94.568 40.032
- 25 -
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otetat 3785.711 52.000 72.802
“&84 IJtd 5460.226 104 52.502
SMR Greenhouse—Geisser 5460.226  101.822 53.594
Huynh-Feldt 5460.226  104.000 52.502
otetgt 5460.226 52.000 105.004
—&84 Jtd 3216.239 104 30.925
Greenhouse—Geisser 3216.239 96.488 33.333
Alpha Huynh-Feldt 3216.239 99.909 32.192
otetgt 3216.239 52.000 61.851
-84 Jtd 12527.522 104 120.457
Theta Greenhouse—-Geisser 12527.522 95.279 131.482
Huynh—Feldt 12527.522 98.585 127.073
otetgt 12527.522 52.000 240.914

Analyzed by Repeated Measured ANOVA, p<.05
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Table 7. X2} 2+ &Ef X0l Hiw
95% &l et
=Z3 Xt Ha+tHEFEHXI HELQX N

otetat afghgt

1xt 47.547£11.013 1.513 44.512 50.583

Gamma 2Xt 47.867+£11.223 1.542 44774 50.961 53
3xt 51.396+£10.567 1.452 48.484 54.309
11Xt 45.207+9.479 1.302 42.595 47.820
H-Beta 2Xt 46.207+£10.494 1.441 43.315 49.100 53
3xt 50.056+9.342 1.283 47.481 52.632
11Xt 48.283+9.377 1.288 45.698 50.868
M-Beta 2Xt 47.905+£10.090 1.386 45.124 50.687 53
3t 53.056+£10.925 1.501 50.045 56.068
1Xt 56.641+£11.262 1.547 53.537 59.746

SMR 2t 54.679+£11.993 1.647 51.374 57.985 53

3xt 59.528+13.040 1.791 55.934 63.123

1xt 58.735+£11.147 1.531 55.663 61.809
Alpha 2Xt 58.396+11.249 1.545 55.295 61.497 53
3xt 60.358+£12.339 1.695 56.957 63.760
11Xt 61.849+8.771 1.205 59.431 64.267
Theta 2Xt 60.867+8.840 1.214 58.431 63.305 53
3xt 60.075+£10.803 1.484 57.098 63.053
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Table 8. Xt&t<

s 1 2t F IMENRE LAXNSE o)
Pillaiel EdI0IA .988 647.437" 6.000 47.000 .000
Wilks2l &Ct 012 647.437" 6.000 47.000 .000
M2 &EH
Hotelling2l EdI0| A 82.652 647.437" 6.000 47.000 .000
RoyQl == 82.652 647.437" 6.000 47.000 .000
Pillaiol Edl0lA .408 2 359" 12.000 41.000 .021
=x  Wilks2l &Ct .592 2 359" 12.000 41.000 .021
HALL
SIZt HotellingSl Ed0lA 690 2359 12.000 41.000 .021
RoyQl == .690 2.359" 12.000 41.000 .021
Analyzed by Repeated Measured ANOVA, p<.05
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Collection @ chosun



Table 9. XtELItS| AHAE e HE
Min=s
A M=¢g ArE M= F ¢
84 Ots 483.484 2 241.742  4.2283 .017
=3 Gamma Greenhouse—Geisser 483.484 1.837 263.176  4.223 .020
2| Xt Huynh-Feldt 483.484 1.901 254.321  4.2283 .019
otgtat 483.484 1.000 483.484 4.223 .045
T84 Jts 694.805 2 347.403 7.072 .001
H-Beta Greenhouse-Geisser 694.805 1.720 403.963 7.072 .002
Huynh-Feldt 694.805 1.773 391.828 7.072 .002
otgtat 694.805 1.000 694.805 7.072 .010
84 OtE 873.824 2 436.912 5.722 .004
M—Beta Greenhouse-Geisser 873.824 1.729 505.282 5.722 .007
Huynh-Feldt 873.824 1.783 489.952 5.722 .006
otgtat 873.824 1.000 873.824 5.722 .020
84 Ots 630.654 2 315.327 3.387 .038
SMR Greenhouse-Geisser 630.654 1.814 347.694 3.387 .042
Huynh-Feldt 630.654 1.876 336.229  3.387 .041
otetat 630.654 1.000 630.654  3.387 .071
84 s 116.579 2 58.289 .753 473
Alpha Greenhouse—Geisser 116.579 1.690 68.984 .753 453
Huynh-Feldt 116.579 1.741 66.978 .753 457
otgtat 116.579 1.000 116.579 .753 .389
84 OtE 83.673 2 41.836 .906 407
Theta Greenhouse-Geisser 83.673 1.646 50.829 .906 391
Huynh-Feldt 83.673 1.693 49.424 .906 .393
otgtat 83.673 1.000 83.673 .906 .346
oz 84 IOts 5953.182 104 57.242
_ Greenhouse—Geisser 5953.182 95.530 62.317
(ZE8 Gamma
51 7h Huynh-Feldt 5953.182 98.860 60.219
[SIR=IR= 5953.182 52.000 114.484
84 OtE 5108.528 104 49.120
Greenhouse-Geisser 5108.528 89.439 57.118
H-Beta Huynh-Feldt 5108.528 92.208 55.402
ottt 5108.528 52.000 98.241
84 Ots 7941.509 104 76.361
M-Beta Greenhouse—Geisser 7941.509 89.928 88.310
Huynh-Feldt 7941.509 92.741 85.631
- 30 -
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otstgt 7941.509 52.000 152.721
&84 It 9683.346 104 93.109
SMR Greenhouse—-Geisser 9683.346 94.319 102.666
Huynh-Feldt 9683.346 97.535 99.281
ottt 9683.346 52.000 186.218
284 Ot 8046.755 104 77.373
Greenhouse—-Geisser 8046.755 87.877 91.569

Alpha
Huynh-Feldt 8046.755 90.508 88.906
otstat 8046.755 52.000 154.745
&84 Jtd 4803.660 104 46.189
Thet Greenhouse-Geisser 4803.660 85.601 56.117

eta
Huynh-Feldt 4803.660 88.034 54.566
ot st gt 4803.660 52.000 92.378

Analyzed by Repeated Measured ANOVA, p<.05
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Collection @ chosun



Qe e s 0lE8 OlZ0IRE AE0AM SEIO & AL 20 Jis
PN

=, 0l= Ot20t =Z0l =2 =0 OIZ2JMA =XE22 HOHE L.
>

LAl CHE1®s 2E (Table 11)©] Z2DH(p=0.181)= SHH2E K9

SO B HAMUA LS HAE(Table 12)2 ZUHE AHEH Gammall, H-Beta
O, M-Betalll= 2F |R2ASE0| p<0.052] XAHEZ UEGHA LOIA SHE2=Z 22I6t
A EQXCH el SMRIFZE  Thetalte &4 JHE,  Greenhouse- Geisser,
Huynh-FildtJt p<0.052] X240 SFSotA2LE SMRII?F Thetallt2l otstgtol 28t

i}

p=0.079, p=0.05222 SHECZ RKOIotAl &LUCH. Alphalll?t ZEH IIH,
Greenhouse-Geisser, Huynh-Fildt, oF8tat0l p<0.05g0 BHEGSIH SAHEOZ Rol6H

Al LIEHSECY.
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Table 10. RELUtel &l X0l Hlw
- _ . _ _ 95% &l F2t
Z& 3R HR+HZEIL HELX S JO N
IbN; 48.547+£7.009 .963 46.615 50.479
Gamma 2t 47.905+8.378 1.151 45.596 50.215 53
3Xt 47.415+£8.275 1.137 45134 49.696
1 Xt 46.943+£7.198 .989 44,959 48.928
H-Beta 2t 45.962+7.630 1.048 43.859 48.066 53
3t 45.867+7.990 1.098 43.665 45.070
IbN; 51.283+£6.926 .951 49.374 53.192
M-Beta 2t 49.792+7.391 1.015 47.755 51.830 53
3t 50.113+8.168 1.122 47.862 52.365

1 Xt 57.792+£9.475 1.302 55.181 60.404

SMR 2%t 55.981+£10.242 1.407 53.158 58.804 53
3xt 55.547+£10.902 1.498 52.542 58.552
1 Xt 57.301+9.753 1.340 54.613 59.990
Alpha 2t 55.415+10.804  1.484 52.437 58.393 53
3t 54.245+11.126  1.528 51.178 57.312
1 Xt 54.924+8.659 1.190 52.538 57.311
Theta 2t 53.7174+9.404 1.292 51.125 56.309 53
3xt 52.547+9.065 1.245 50.049 55.046
- 33 -
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Table 11. 2%

|Itel el e &

5 I 2 F NERSE  QUANSE  p
Pillaio] E¥0|A 990 762613 6.000 47.000 .000
Wilksel 2+Ct 010 762613" 6.000 47.000 .000
WA =@
Hotelling®l E#0lA 97.355  762.613" 6.000 47.000 .000
Royol X2 97.355  762.613" 6.000 47.000 .000
Pillaio] Ed0|A 299 1 457" 12.000 41.000 .181
=x  Wikse T 701 1.457" 12.000 41.000 .181
MAW S
SIX Hotellingel Ed0lA 426 1 457" 12.000 41.000 .181
Royol 02 426 1.457" 12.000 41.000 .181
Analyzed by Repeated Measured ANOVA, p<.05
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Hiss
A =5 N=¢g AsEe "Mz F P
“&84 JtH 34.164 2 17.082 701 .498
=3 Gamma Greenhouse—Geisser 34.164 1.940 17.614 701 494
3| xt Huynh—Feldt 34.164 2.000 17.082 701 .498
ottt 34.164 1.000 34.164 701 .406
&4 IOts 37.597 2 18.799 973 .381
H-Beta Greenhouse—Geisser 37.597 1.949 19.287 .973  .380
Huynh-Feldt 37.597 2.000 18.799 .973  .381
[SIR=IR= 37.597 1.000 37.597 973 .329
84 IOtH 65.245 2 32.623 1.874 .159
M-Beta Greenhouse—Geisser 65.245 1.927 33.864 1.874 .160
Huynh-Feldt 65.245 1.999 32.633 1.874 .159
ottt 65.245 1.000 65.245 1.874 177
84 JtH 150.352 2 75.176 3.207 .044
SMR Greenhouse—Geisser 150.352 1.852 81.191 3.207 .049
Huynh-Feldt 150.352 1.917 78.420 3.207 .047
otgtat 150.352 1.000 150.352 3.207 .079
84 OtA 252.126 2 126.063 5.287 .007
Aloha Greenhouse—Geisser 252.126 1.804 139.783 5.287 .009
Huynh-Feldt 252.126 1.865 135.218 5.287 .008
otetat 252.126 1.000 252.126 5.287 .026
84 JtH 149.786 2 74.893 3.948 .022
Theta Greenhouse—Geisser 149.786 1.708 87.719 3.948 .029
Huynh—Feldt 149.786 1.760 85.118 3.948 .027
ottt 149.786 1.000 149.786 3.948 .052
oz 84 JtH 2533.836 104 24.364
_ Greenhouse—Geisser 2533.836 100.858 25.123
(8 Gamma
513 Huynh-Feldt 2533.836  104.000 24.364
otgtat 2533.836  52.000 48.728
84 OHE 2009.736 104 19.324
Greenhouse—Geisser 2009.736 101.369 19.826
H-Beta Huynh-Feldt 2009.736 104.000 19.324
otgtat 2009.736  52.000 38.649
T84 JtH 1810.755 104 17.411
M-Beta  Greenhouse—Geisser 1810.755 100.188 18.074
Huynh—Feldt 1810.7565 103.966 17.417
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[SIR=In=e 1810.755  52.000 34.822
“&84 Jtd 2437.648 104 23.439
SMR Greenhouse—Geisser 2437.648  96.296 25.314
Huynh-Feldt 2437.648  99.698 24.450
ot8tet 2437.648  52.000 46.878
“&84 JtH 2479.874 104 23.845
Greenhouse—Geisser 2479.874  93.792 26.440
Alpha Huynh-Feldt 2479.874  96.959 25.577
ottt 2479.874  52.000 47.690
84 JtE 1972.881 104 18.970
Theta Greenhouse—-Geisser 1972.881 88.794 22.219
Huynh-Feldt 1972.881  91.506 21.560
[SIR=IR=e 1972.881  52.000 37.940
Analyzed by Repeated Measured ANOVA, p<.05
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AOIIA CHEH &
Alphallt,

[

L]
E ZAMNIA L2 2A8(Table 15)2] Z2UE AHEXH Gammalll, H-Beta

O
T
I, M-Betalll= 25 R2|=

k= Tl

otALh.

I

10

Kir

gk

p<0.052| XTAHZ=

=
[—

Thetalll

Lk, SMRIL,

_37_

Collection @ chosun



Table 13. |REL/Itel % X0l Bl
95% &g 12t
=RSEEIby Ho+HEHIL HELQX N
otetgt ofetal
11X 46.698+8.425 1.157 44.376 49.020
Gamma 2%t 46.018+9.467 1.300 43.409 48.628 53
3xt 45.981+8.592 1.180 43.613 48.349
1 X 47.018+8.461 1.162 44.687 49.351
H-Beta 2Xt 46.188+8.864 1.218 43.745 48.632 53
3Xt 46.566+9.270 1.273 44.011 49.121
1 X 52.679+8.384 1.152 50.368 54.990
M-Beta 2%t 51.113+9.402 1.292 48.522 53.705 53
3t 51.056+8.923 1.226 48.597 53.516
1 60.283+£10.387 1.427 57.420 63.146
SMR 2t 58.377+£11.726 1.611 55.145 61.610 53
3xt 56.981+£11.079 1.522 53.927 60.035
1x 59.471+£10.263 1.410 56.643 62.301
Alpha 2%t 57.717+£10.948 1.504 54.699 60.735 53
3xt 55.547+10.616 1.458 52.621 58.473
1 X 56.943+8.856 1.217 54.502 59.385
Theta 2%t 55.811+9.306 1.278 53.246 58.377

3Xt 54.377+8.602 1.182 52.006 56.749
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_38_



Table 14. &

ng
T

E
10
10
£
[m
%
oy

S 2t F NEXNESE LLUMAASE o)
Pillaiel Edl0lA 989  706.596" 6.000 47.000 .000
Wilks2l & C} 011 706.596" 6.000 47.000 .000
A2 BH
Hotelling2l EdI0|A 90.204 706.596" 6.000 47.000 .000
Roy2l ZtH2 90.204  706.596" 6.000 47.000 .000
Pillai® Ed0]A .392 2 200" 12.000 41.000 .030
=x Wilks2| &tCt .608 2 200" 12.000 41.000 .030
NI _
SIX  Hotelling2 Ed0/A 844 2 200" 12.000 41.000 .030
Roy2l ZIH2 .644 2.200" 12.000 41.000 .030
Analyzed by Repeated Measured ANOVA, p<.05
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Table 15. REL ISl 5 28HE HEY
Miss
AA =g AsE  Eads F p
T84 JOtH 17.258 2 8.629 .305 .738
=& Gamma Greenhouse-Geisser 17.258 1.937 8.911 .305 731
2| xt Huynh—Feldt 17.258 2.000 8.629 .305 .738
otetat 17.258 1.000 17.258 .305 .583
&4 IOtH 18.314 2 9.157 .379 .685
H-Beta Greenhouse-Geisser 18.314 1.931 9.484 379 .678
Huynh—Feldt 18.314 2.000 9.157 .379 .685
otetat 18.314 1.000 18.314 .379 541
&84 JtH 89.899 2 44950 2.350 .100
M-Beta Greenhouse-Geisser 89.899 1.865 48.215 2.350 104
Huynh-Feldt 89.899 1.931 46.552  2.350 102
ottt 89.899 1.000 89.899 2.350 131
T84 IS 291.208 2 145.604 5.775 .004
SMR Greenhouse-Geisser 291.208 1.868 155.857  5.775 .005
Huynh—Feldt 291.208 1.935 150.461  5.775 .005
ofgtat 291.208 1.000 291.208 5.775 .020
84 IOtH 409.673 2 204.836  8.146 .001
Alpha Greenhouse-Geisser 409.673 1.822 224.878 8.146 .001
Huynh—Feldt 409.673 1.884 217.409 8.146 .001
otetat 409.673 1.000 409.673 8.146 .006
T84 JtH 175.296 2 87.648  4.947 .009
Theta Greenhouse—Geisser 175.296 1.735 101.021  4.947 .012
Huynh—Feldt 175.296 1.790 97.937  4.947 .01
otstat 175.296 1.000 175.296  4.947 .031
o 84 JtH 2942.742 104 28.296
_ Greenhouse-Geisser 2942.742 100.712 29.219
(=8 Gamma
513 Huynh—Feldt 2942.742 104.000 28.296
ot gtat 2942.742  52.000 56.591
“&84 JtH 2512.352 104 24.157
Greenhouse—Geisser 2512.352 100.420 25.018
HBeta ynh-Felat 2512.352 104.000  24.157
otgtat 2512.352  52.000 48.314
84 Ots 1989.434 104 19.129
M-Beta Greenhouse—Geisser 1989.434  96.956 20.519
Huynh—Feldt 1989.434 100.421 19.811
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ottt 1989.434  52.000 38.258
84 s 2622.126 104 25.213
SMR Greenhouse—Geisser 2622126 97.158 26.988
Huynh-Feldt 2622.126 100.643 25.054
otgtgt 2622.126  52.000 50.425
&84 JtH 2614.994 104 25.144
Greenhouse-Geisser 2614.994  94.731 27.604
Alpha Huynh-Feldt 2614.994  97.986 26.687
ot8tat 2614.994  52.000 50.288
84 JtE 1842.704 104 17.718
Theta Greenhouse—Geisser 1842.704  90.233 20.422
Huynh—Feldt 1842.704  93.074 19.798
of &tk 1842.704  52.000 35.437
Analyzed by Repeated Measured ANOVA, p<.05
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Table 16. Brain test XtO| HlW
95% &lZ|12t
=& 3| Xt Yo+ EEEHI HELX N
ot stat a8t
1 Xt 50.301+7.885 1.083 48.128 52.475
(PN 2t 51.113+7.821 1.074 48.957 53.269 53
3Xt 54.132+£9.068 1.246 51.633 56.632
IbXN; 67.169+£7.073 972 65.220 69.119
(PNEIS 2t 69.245+£5.977 .821 67.598 70.893 53
3t 70.735+£6.334 .870 68.990 72.482
1t 62.622+7.578 1.041 60.534 64.721
S 2t 62.264+7.896 1.085 60.088 64.441 53
3Xt 63.037+£6.563 .902 61.229 64.847
1 Xt 40.754+£9.545 1.311 38.124 43.386
ﬁ::lﬁ 2t 41.471£10.446 1.435 38.592 44,351 53
3Xt 42.358+10.109 1.389 39.572 45.145
IbN; 50.547+4.881 671 49.202 51.893
S EAT 2t 50.660+£5.392 741 49.174 52.147 53
3t 50.000+£5.000 .687 48.622 51.378
IbN; 49.452+4.881 671 48.107 50.798
SLEEE 2t 49.377+£5.389 .740 47.892 50.863 53
3Xt 49.962+5.007 .688 48.582 51.343
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Table 17. Brain test CtHgr H A
s 1 2k NEXESE QLIS E o)
Pillaiel EdI0l A .998 5396_471b 5.000 48.000 .000
Wilksel &tCt .002  5396.471° 5.000 48.000 .000
M2 &EH
Hotelling2l EdI0lA  562.132 5396_471” 5.000 48.000 .000
Roy2l z=Ui=2 562.132 5396,471b 5.000 48.000 .000
Pillaiel EdI0l A 407 2_617b 11.000 42.000 .012
=x Wilksel &t .593 2.617" 11.000 42.000 .012
MEW o
X Hotellingel Ed01A 685 5517 11.000 42.000 .012
Roy2l =2 .685 2_617b 11.000 42.000 .012
Analyzed by Repeated Measured ANOVA, p<.05
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Table 18. Brain test

apigy 2

HisE
LA =& NE=g=l Ase EI4M=s F p
“84 IOts 431.811 2 215906 3.957 .022
=& oI x| 2 Greenhouse-Geisser 431.811 1.935 223.169 3.957 .023
2| xt Huynh—Feldt 431.811 2.000 215.906 3.957 .022
otetat 431.811 1.000 431.811 3.957 .052
“84 I8 340.013 2 170.006 6.793 .002
olT| e Greenhouse—Geisser 340.013 1.892 179.728 6.793 .002
Huynh-Feldt 340.013 1.961 173.380 6.793 .002
otgtat 340.013 1.000 340.013 6.793 .012
84 Oty 15.887 2 7.943 702 .498
=z Greenhouse—Geisser 15.887 1.666 9.533 702 474
Huynh-Feldt 15.887 1.715 9.263 702 477
ot stat 15.887 1.000 5.887 702  .406
84 IOts 68.415 2 34.208 1.846 .163
F4 Greenhouse—-Geisser 68.415 1.933 35.399 1.846 .165
AEHA Huynh—Feldt 68.415 2.000 34.208 1.846 .163
otgtat 68.415 1.000 68.415 1.846 .180
-84 Oty 13.220 2 6.610 478 621
Ru|sA T Greenhouse—Geisser 13.220 1.990 6.644 478 .620
Huynh—Feldt 13.220 2.000 6.610 478 621
ot stat 13.220 1.000 13.220 478 492
84 IOts 10.730 2 5.365 .387 .680
cusMT Greenhouse—Geisser 10.730 1.989 5.395 .387 .679
Huynh—Feldt 10.730 2.000 5.365 .387 .680
otetat 10.730 1.000 110.730 .387 536
o1l 84 Jts 5674.855 104 54.566
(== ol T| 2t Greenhouse—Geisser 5674.855 100.615 56.401
513 Huynh—Feldt 5674.855 104.000 54.566
ofgtat 5674.855  52.000 109.132
84 ¥ 2602.654 104 25.026
ol X & Greenhouse—Geisser 2602.654  98.375 26.457
Huynh—Feldt 2602.654 101.977 25.522
otgtat 2602.654  52.000 50.051
84 IOts 1176.113 104 11.309
E==A Greenhouse—-Geisser 1176.113  86.657 13.572
Huynh—Feldt 1176.113  89.182 13.188
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ot &tat 1176.113  52.000 22.618
“&84 JtE 1927.585 104 18.534
T4l Greenhouse—Geisser 1927.585 100.499 19.180
AEYA Huynh-Feldt 1927.585 104.000 18.534
otetgt 1927.585  52.000 37.069
“84 JtE 1437.447 104 13.822
Greenhouse—-Geisser 1437.447 103.472 13.822

Mrlads
Huynh-Feldt 1437.447 104.000 13.822
otetgt 1437.447  52.000 27.643
84 ¥ 1439.937 104 13.846
cysMc Greenhouse-Geisser 1439.937 103.411 13.924
Huynh-Feldt 1439.937 104.000 13.846
ot &tat 1439.937  52.000 27.691

Analyzed by Repeated Measured ANOVA, p<.05
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Table 19. S2tX2s52l X0l Hlw
95% &l et
=3 Xt Ho+HEEI HEQX N
otetat aetgt
11X 49.886+9.871 1.356 47.166 52.608
IXIEE 2Xt 56.169+11.777 1.618 52.923 59.416 53
3Xt 57.849+10.675 1.466 54.906 60.792
11X 63.434+11.720 1.610 60.203 66.664
RPN 2%t 67.641+£9.539 1.310 65.012 70.271 53
3Xt 69.301+9.908 1.361 66.571 72.033
1 X 61.320+8.056 1.107 59.100 63.542
B 27Xt 61.264+8.651 1.188 58.879 63.649 53
3t 63.490+6.308 .866 61.752 65.229
11Xt 40.547+£8.500 1.168 38.204 42.890
ﬁz:lﬁ 2t 40.962+£10.194 1.400 38.152 43.772 53
3xt 41.849+9.444 1.297 39.246 44.452
1x 50.226+5.405 742 48.737 51.716
MEEgdE 2%t 51.037+4.941 679 49.676 52.400 53
3Xt 49.849+4.508 .619 48.606 51.092
1 & 49.698+4.994 .686 48.321 51.075
L EdE 27Xt 49.415+£4.900 .673 48.064 50.766 53
3Xt 50.584+4.426 .608 49.365 51.805
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Table 20. =22tX

Aisetol Cheey 2R

= 2 F IESE QIANSE  p
Pillaiol Ed0]A 1.000 36236.757" 6.000 47.000 .000
Wilks2| 2t Ct 000  36236.757" 6.000 47.000 .000

MH2E EHE
Hotelling®l E01A  4629.416 3236.757" 6.000 47.000 .000
Roy2l == 4629.416  36236.757" 6.000 47.000 .000
Pillaiel Ed0]A 510 3 554" 12.000 41.000 .001
=x Wikse 2T 490 3 554" 12.000 41.000 .001

WA S
SIX Hotelling2l Ed0IA 1.040 3 554" 12.000 41.000 .001
Royol 02 1.040 3 554" 12.000 41.000 .001

Analyzed by Repeated Measured ANOVA, p<.05
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Table 21. B2 X252 g HE
Hiss
A =& A==l AsE "Mz F P
“84 JtE 1867.258 2 933.629 9.888 .000
=3 ol x| 2t Greenhouse-Geisser 1867.258 1.950 957.564 9.888 .000
2| Xt Huynh—Feldt 1867.258 2.000 933.629 9.888 .000
otetat 1867.258 1.000 1867.258 9.888 .003
“84 I8 969.774 2 484.887 7.824 .001
oIt e Greenhouse—Geisser 969.774 1.803  537.977 7.824 .001
Huynh-Feldt 969.774 1.803  520.424 7.824 .001
otgtat 969.774 1.000 969.774 7.824 .007
84 Oty 170.805 2 85.403 5.058 .008
== Greenhouse—Geisser 170.805 1.501 113.792 5.058 .015
Huynh—Feldt 170.805 1.536 111.219 5.058 .014
ot stat 170.805 1.000 170.805 5.058 .029
“84 JtE 46.881 2 23.440 1.034 .359
S Greenhouse—-Geisser 46.881 1.723 27.204 1.034 .351
AEHA Huynh-Feldt 46.881 1.777 26.384 1.034 .352
otgtat 46.881 1.000 46.881 1.034 .314
-84 Oty 39.107 2 19.553 972 .382
HulE AT Greenhouse—Geisser 39.107 1.963 19.918 972 .381
Huynh-Feldt 39.107 2.000 19.553 972 .382
ot stat 39.107 1.000 39.107 972 .329
“E84 JtE 39.484 2 19.742 1.398 .252
ousMT Greenhouse—Geisser 39.484 1.967 20.073 1.398 .252
Huynh—Feldt 39.484 2.000 19.742 1.398 .252
otetat 39.484 1.000 39.484 1.398 .242
oz 84 I3 9820.075 104 94.424
(=5 oI x| 2 Greenhouse—Geisser 9820.075 101.400 96.844
51 7h Huynh-Feldt 9820.075 104.000 94.424
ofgtat 9820.075  52.000 188.848
84 ¥ 6445.560 104 61.977
olxE T Greenhouse—Geisser 6445.560  93.737 68.762
Huynh—Feldt 6445.560  96.898 66.519
otgtat 6445.560  52.000 123.953
“84 JtE 1755.862 104 16.883
A== Greenhouse—-Geisser 1755.862  78.053 22.496
Huynh-Feldt 1755.862  79.859 21.987
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ot &tat 1755.862  52.000 33.767
“&84 JtE 2357.786 104 22.671
S Greenhouse—Geisser 2357.786  89.612 26.311
AEdlA Huynh-Feldt 2357.786  92.398 25.518
otetgt 2357.786  52.000 45.342
“84 JtE 2092.893 104 20.124
Greenhouse—-Geisser 2092.893 102.098 20.499

Iogds
Huynh-Feldt 2092.893 104.000 20.124
otetgt 2092.893  52.000 40.248
84 ¥ 1468.516 104 14.120
cysMC Greenhouse-Geisser 1468.516  102.284 14.357
Huynh-Feldt 1468.516 104.000 14.120
ot &tat 1468.516  52.000 28.241

Analyzed by Repeated Measured ANOVA, p<.05
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Table 22. JIS&E 2| X0l Blw
95% &g 22k
=3 Xt HotHEEI HEQX N
otetat ofetat
1xt 52.547+9.014 1.238 50.063 55.032
QIXIZE 2xt 51.867+£12.486 1.715 48.426 55.310 53
3xt 52.849+10.824 1.487 49.865 55.833
11Xt 72.867+6.012 .826 71.211 74.525
QIXIEE 2Xt 73.735+6.872 .944 71.841 75.630 53
3xt 74.867+4.831 .664 73.536 76.200
11Xt 60.339+9.405 1.292 57.747 62.932
a3=4 2Xt 60.622+9.072 1.246 58.122 63.123 53
3t 64.5841+6.523 .896 62.787 66.383
1Xt 39.830+9.231 1.268 37.286 42.375
ﬁ;;:i 2Xt 41.773+£11.267 1.548 38.668 44.879 53
3xt 45.150£9.790 1.345 42.452 47.850
1xt 50.320+5.465 751 48.814 51.827
MNEEdE 2Xt 50.339+5.399 142 48.851 51.828 53
3xt 49.773+£5.194 714 48.342 51.205
11Xt 49.415+4.904 674 48.063 50.767
SEHEHE 2Xt 49.566+5.329 732 48.097 51.035 53
3xt 50.584+5.216 Navs 49.147 52.023
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Table 23. J|&dol e A2 A

s 1 2t F HESE LIANSE o)
Pillaiel EdI0IA 1.000 70748.773" 6.000 47.000  .000
Wilks2| &Ct .000 70748.773" 6.000 47.000  .000
A2 E2E
Hotelling® EdI0lA  9031.758 70748.773" 6.000 47.000  .000
Roy2l =02 9031.758 70748.773" 6.000 47.000  .000
Pillaiel EdlolA 484 3.201° 12.000 41.000 .003
=x Wiks2 & 516 3.201° 12.000 41.000 .003
HAMILE
SIZt Hotelling2l Eaf0lA 937 3.201" 12.000 41.000 .003
RoyQl XIUi=2 .937 3201° 12.000 41.000 .003
Analyzed by Repeated Measured ANOVA, p<.05
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Table 24. D=9 dHE HE
HisE
A =& N=¢g AsE  E73Ms F P
&84 JtH 26.767 2 13.384 .133  .875
=& oI x2S Greenhouse—Geisser 26.767 1.768 15.142 .133  .851
2| xt Huynh—Feldt 26.767 1.825 14.664 .138 .857
ottt 26.767 1.000 26.767 188 717
84 IOts 106.616 2 53.308 1.947 .148
ol T| s Greenhouse—Geisser 106.616 1.926 55.362 1.947 150
Huynh-Feldt 106.616 1.998 53.351 1.947 .148
otetat 106.616 1.000 106.616 1.947 169
84 IOts 597.170 2 298.585 11.360 .000
Xz Greenhouse—Geisser 597.170 1.537 388.506 11.360 .000
Huynh-Feldt 597.170 1.575 379.218 11.360 .000
[SIR=IR= 597.170 1.000 597.170 11.360 .001
T84 Jts 768.390 2 384.195 11.783 .000
F4 Greenhouse—Geisser 768.390 1.736  442.688 11.783 .000
AEH A Huynh-Feldt 768.390 1.790 429.168 11.783 .000
otgtat 768.390 1.000 768.390 11.783 .001
84 OtA 10.956 2 5.478 343 711
Py Greenhouse—Geisser 10.956 1.933 5.669 343  .703
Huynh-Feldt 10.956 2.000 5.478 343 711
[SIR=IR= 10.956 1.000 10.956 .343  .561
84 JtH 42.918 2 21.459 1.657 .216
ousMT Greenhouse—Geisser 42.918 1.881 22.811 1.557 .217
Huynh—Feldt 42.918 1.950 22.012 1.657 .216
ottt 42.918 1.000 42.918 1.557 .218
o1l 84 Jts 10452.566 104  100.505
(=5 oI x| 2t Greenhouse—Geisser  10452.566  91.923 113.710
513 Huynh-Feldt 10452.566  94.918 110.122
otgtat 10452.566  52.000 201.011
84 OtE 2848.050 104 27.385
ol X & Greenhouse—Geisser 2848.050 100.142 28.440
Huynh-Feldt 2848.050 103.917 27.407
otgtat 2848.050  52.000 54.770
T84 JOtH 2733.497 104 26.284
== Greenhouse—Geisser 2733.497  79.929 34.199
Huynh—Feldt 2733.497  81.886 33.382
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[SIR=IR=e 2733.497  52.000 52.567
“&84 s 3390.943 104 32.605
F4 Greenhouse—Geisser 3390.943  90.258 37.569
AEdlA Huynh-Feldt 3390.943  93.102 36.422
ot8tet 3390.943  52.000 65.210
“&84 JtH 1663.044 104 15.991
Greenhouse—-Geisser 1663.044 100.492 16.549

rlEds
Huynh-Feldt 1663.044 104.000 15.991
ottt 1663.044  52.000 31.982
“84 s 1433.082 104 13.780
cymMC Greenhouse—-Geisser 1433.082  97.837 14.648
Huynh-Feldt 1433.082 101.386 14.135
[SIR=In=e 1433.082  52.000 27.559

Analyzed by Repeated Measured ANOVA, p<.05
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