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The Effects of Neurofeedback Training on Physical, Psychoemotional Stress Response and
Self-Regulation for Late Adolescence: A Non-Randomized Trial

Choi, Moon-Ji - Park, Wan-Ju
College of Nursing, Kyungpook National University, Daegu, Korea

Purpose: The aim of this study was to analyze the effects of neurofeedback training for reducing stress and enhancing self-regulation in late
adolescence to identify the possibility of use for nursing intervention, Methods: A nonequivalent control group pre-post quasi-experimental
design was used. Participants were 78 late adolescents assigned to the experimental group (n=39) that received the neurofeedback training
and the control group (n=39). Data were collected on heart rate variability (HRV) and skin conductance level (SCL) to assess stress-biomarker
response, The questionnaire contained 164 items from: Positive and Negative Affect Schedule (PANAS), Symptom Checklist-90-Revised (SCL-
90-R) and Self-regulatory Ability scale, The neurofeedback training was based on the general adaptation syndrome and body-mind medicine,
The intervention was conducted in a total of 10 sessions for 30 minutes per session with high-beta, theta and sensory motor rhythm training
on scalp at central zero, Results: There were significant difference in standard deviation of normal to normal interval (0=.036) in HRV and SCL
(0=.029) of stress-biomarker response between the two groups, Negative affect (0=.036) in PANAS and obsessive compulsive (0=,023) and de-
pression (p<.001) in SCL-90-R were statistically significant, Self-regulation mode (p=,004) in self-regulation ability scale showed a significant dif-
ference between the two groups. Conclusion: The results indicated that the neurofeedback training is effective in stress-biomarkers, psy-
choemotional stress response and self-regulation. Therefore, neurofeedback training using neuroscientific approach based on brain-mind-body
model can be used as an effective nursing intervention for late adolescents in clinics and communities for effective stress responses.
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Cz=Central zone; GAS=General adaptation syndrome; HRV=Heart rate variability; min=minimum;
SC=Skin conductance; SCL-90-R=Symptom checklist-90-revised; SMR=Sensory motor rhythm

Figure 1. (A) Conceptual framework of this study. (B) Process contents of neurofeedback training.
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Experimental group (n=41)
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Figure 2, Research flow diagram.
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500% A& BEAISH & U2 31l E (mandibular notch)& A%
G TGS A w]o] FATE et YRHo R £
Stof 71 Zo]¢] 500% AEE BAISH] F Ao] wAlsh= Ao =
At Cz58 29 £, 97 &% ANu-prep s Cz #HE F
Hog 1 em’ 99 A7|2 Z¥sle] Fujo] Hat Bejof o|B2s
AASKAFCE Cz9] M= B2k A electroencephalogram (EEG) A%
Eold & e Fuet FF A Y olgE e AlAsIen,
FE AR ofet Z2 WHS ARSI 1§ HE 2% (Ten
20, Weaver and Company, Aurora, USA)E &-85}9] Ground,

Reference, Action leadS F&+s5tt

d]

T

(2) ZA 29Al: FRI= 58 7]71%8](Neurofeedback in—

strument preparation)

7+ g7t 28AIE oF 38 B AleEen, AFgoz Qlgt
9] F SE(Impedance)s H7AsHH, 3 FoF ¥Ag & Ql=
e AAAF7] 8l s§2-ET 22 o]g S IS
[8,25]. o] HAIE B3l &3 B ) S 259 FEE A

32

5l artifact WIS £Y 4 Ut Ground, Reference, Action
lead®] Ml F2He Q1 £ Impedanced 75t &8 B2t W4
o5 Qs RS AP 8l ae R 22 olgkedE 1
43199t} Ground, Reference, Action Lead®] Impedance 74 5 ©|

sz gAlele] B4 59U WAL 4 Q- 0 E B

(3) A 3 r=ujre] S# A8 (Neurofeedback training)

Z} g7ukc} 39AlE oF 2024 AlBEen Z2F2 SIuUE
(Procomp? infiniti, Thought Technology 1td., Saint—Petersburg,
Russia) 71715 AF8-3}9] Training—Boat race game (Channel set:
P2 EEG Suite 1 EEG, Select an Encoder Communication Proto—
col: Legacy) 10%, Training—Animation (Channel set: P2 EEG
Suite 1 EEG, Select an Encoder Communication Protocol: Leg—
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HE SAZ SeEth Rt Ry $Hs ol B9t/ oRgle= HE A|E(Ten 20, Weaver and Company, Aurora, United
o JEIE RUHE HUA 59] 7RIS 9otr7]a oPgshe States of America)= AASIIch of 87|71 &

S5 AAE RIS A FYFEE S okl oGt o2fe B A, SRS ShHA AjAdstor shalckar w71 —‘?——E—, &
3] WHE Fohe AEA] whGo| Ofg 2EE AAR S50l F ol tisl olop] sk ARME Bl APIE WK 4 R =
& oo} A Ap1xE 5Es FAIF o, ¢ 5ot Bl tiiAte] RS 7| Agejsto] mjuuls

x]_l_'c-,‘ 7;0'1

rn

-Iol'
Mol
)
=2
=
ot

@) A 42 £ 5 g3} 7} (Evaluation)
7} 8)7] upt} 4gAlE oF 5% Bt AlFEelon, FX| RejQl 7)) THHAL A= RAL

Ground, Reference, Action leadE WlojUj1L, 3] 9 4Z Aol & AT FRuEd & FAP 2 o £ dAe AR
Table 1. Homogeneity of General Characteristics and Study Variables between Experimental and Control Groups (N=78)
Exp. (n=39) Cont. (n=39)
Characteristics/Variables Categories/Scales Subgroup VI/Z 0
n (%)/M£SD n (%)/M£SD
Gender Female 30(76.9) 27 (69.2) 0.59 444
Male 9(23.1) 12 (30.8)
Age (yr) 14~19 4 (37.5) 15 (36.5) 0.22 637
20~24 25 (62.5) 24 (63.5)
Religion Yes 6(15.4) 9(23.1) 0.74 .389
No 33 (84.6) 30 (76.9)
Economic status Good 33 (84.6) 30(76.9) 0.74 389
Bad 6(15.4) 9(23.1)
Substance addiction Yes 2 (30.8) 11 (28.2) 0.06 .804
No 27 (69.2) 28(71.8)
Behavioral addiction Yes 8(46.2) 13 (33.3) 1.34 247
No 21(53.8) 26 (66.7)
Living Dormitory 1(28.2) 9 (23.1) 0.31 587
With family 25 (64.1) 27 (69.2)
Alone 3(7.7) 3(7.7)
Stress level Index of clinical stress 2.77+0.82 2.59+0.86 0.96 339
Physical stress response HRV SDNN 80.32+35.29 92.26£54.50 -0.57" 572
SC SCL 1.49+1.23 1.01£0.81 -1.82° .068
Emotional stress response PANAS Positive 2.45+0.58 2.5810.66 -0.98 332
Negative 2.09+0.71 2.0320.66 0.40 694
Psychiatric stress response SCL-90-R SOM 50.92+7.74 50.17£7.17 0.44 662
0-C 61.3746.59 60.94+7 23 0.27 788
I-S 56.22+7.09 55.80+7.50 0.25 804
DEP 60.05+7.29 57.08+8.81 1.62 RN
ANX 48.10+5.07 47424521 0.58 .566
HOS 44 59+6.88 44 0714 .97 0.39 701
PHOB 41.0613.44 40.85+3.60 0.26 .795
PAR 42.99+5.16 45.33+5.47 -1.94 .056
PSY 44954505 44 45+4 47 0.46 .646
Self regulation Self-regulatory ability Self-regulation mode 2.90£0.78 3.01£0.58 -0.68 496
Volitional inhibition mode 3.10£0.57 2.82+0.65 1.80 .077

ANX=Anxiety; Cont.=Control group; DEP=Depression; Exp.=Experimental group; HOS=Hostility; HRV=Heart rate variability; I-S=Interpersonal
sensitivity, M£SD=Mean+Standard deviation; O-C=0bsessive compulsive; PANAS=The positive and negative affect schedule; PAR=Paranoid
Ideation; PHOB=Phobic anxiety; PSY=Psychoticism; SC=Skin conductance; SCL=Skin conductance level; SCL-90-R=Symptom checklist-90-revised;
SDNN=Standard Deviation of Normal to Normal Interval; SOM=Somatization.

"Value of z by Mann-Whitney test.
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2=0.15, p=.025)< A5l Yx] A2H4(Z=0.07~0.15,
£35S 2AS o njg] JEE AZ2|E Y B &Ah p=.104~200)= A2 sigth AP 5AA 0§ Independent
= A7 5U% stw 9 djsh dpAlo|glon AYRR] AIZFS t—test®} i D HTFEESIK] F Wo] tisiAE Mann-Whitney
W3t & QB Az 2 15]7]0] 308, & 1~28)7]8 AA5ISith U 77 o859t =712] AlZ]w= Cronbach’s oF AH&ESHO] o}
Table 2. Comparisons of Study Variables between Experimental and Control Groups (N=78)
Pre-test Post-test Difference
Variable Scale Subgroup Group® t/Z D
MzSD MzSD MzSD
Physical HRV SDNN Exp. 80.32+35.29 105.66+78.87 25.34+66.23 -2.09" 036
stress response Cont. 92.261+54 .50 83.37+58.84 -8.89+72.77
SC SCL Exp. 1.49+1.23 1.09+0.67 -0.40+1.10 -2.18" 029
Cont. 1.01£0.81 1.12£0.71 0.112£0.69
Emotional PANAS Positive Exp. 2.45+0.58 2.51£0.65 0.06£.0.55 1.55 126
stress response Cont. 2.58+0.66 2.50+0.59 -0.08+0.48
Negative Exp. 2.09+0.71 1.66%0.73 -0.43+0.61 -2.15 .036
Cont. 2.0320.66 1.91£0.74 -0.1240.65
Psychiatric SCL-90 SOM Exp. 50.92+7.74 50.64+7.50 -0.28+6.77 0.93 355
stress response Cont. 50.17£7.17 49 8146.83 -0.3617.24
0-C Exp. 61.37£6.59 58.17£7.50 -3.20+8.01 -2.35 .023
Cont. 60.94+7.23 62.39+6.02 1.45+6.18
I-S Exp. 56.22%7.09 57.40+8.46 1.18£8.70 1.62 AN
Cont. 55.80£7.50 52.8916.73 -2.9147.20
DEP Exp. 60.05+7.29 56.21+7.76 -3.84£7.89 -3.99 <001
Cont. 57.08£8.81 60.078.97 2.9919.68
ANX Exp. 48.10+5.07 46.51+4.19 -1.59+6.34 -0.86 393
Cont. 47 424521 47 .44+4 93 0.0216.08
HOS Exp. 44.59+6.88 43.54+3.81 -1.05£5.66 -0.17 .868
Cont. 44.07+4.97 43.6813.90 -0.39+4 .47
PHOB Exp. 41.0613.44 41.50£2.25 0.44£3.51 -0.16 870
Cont. 40.85+3.60 42 444375 1.5913.81
PAR Exp. 42.99+5.16 4419571 1.20+4.79 1.41 164
Cont. 45.33+5.47 44 6614 .37 -0.67+5.42
PSY Exp. 44 .95+5 .05 445114 40 -0.44+6 .45 -0.44 661
Cont. 44 4544 47 44 42+5.01 -0.03+6.51
Self-regulation Self-regulatory  Self-regulation Exp. 2.90+0.78 3.500.81 0.60£0.72 3.05 .004
ability scale mode Cont, 3.01£0.58 3.04+0.60 0.03+0.44
Volitional inhibition  Exp. 3.10+0.57 2.97+0.88 -0.13+1.04 -1.25 218
mode Cont. 2.82+0.65 3.00£0.79 0.18£1.12

ANX=Anxiety; Cont.=Control group; DEP=Depression; Exp.=Experimental group; HOS=Hostility; HRV=Heart rate variability; I-S=Interpersonal
sensitivity; M+SD=MeantStandard deviation; O-C=0bsessive compulsive; PANAS=The positive and negative affect schedule; PAR=Paranoid
Ideation; PHOB=Phobic anxiety; PSY=Psychoticism; SC=Skin conductance; SCL=Skin conductance level; SCL-90-R=Symptom checklist-90-revised;
SD=Standard deviation; SDNN=Standard Deviation of Normal to Normal Interval; SOM=Somatization.

39 people in each of the experimental and control groups; “Value of z by Mann-Whitney test.
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