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Abstract The purpose of this study is to (evaluate) the effectiveness of neurofeedback training (NFT) and
systematically search for the related factors by conducting a meta-analysis of theses and journal articles published in
(the Korean language/Korea). This study analyzed 21 articles selected through a database search from 2001 to 2015.
The quality evaluation result of the research, as research method characteristic, was low. It was found that, first, the
effect size of the neurofeedback program training was .683 above the (median). Second, the effect size as the
(moderator) variable played a statistically significant role in moderating the effect of the the subject characteristics,
including the presence or not of disabilities and school level (elementary, junior high school, high school), on the
effectiveness of the neurofeedback training program. Third, (the effect size) played a statistically significant role in
mediating the effect of the research method (training method), number of sessions per week, total number of sessions
and training time on the effectiveness of the neurofeedback training program. This study provides (comprehensive)
data on the effect of the interventions and selection of the neuro-feedback training program subjects.
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Table 1. The studies analytical criteria factors and framework

Criteria_factor Standard contents
Research method Quantitative research method (except for the retrospective studies, retrospective study)
Research design Two group studies (experiment and control group), done a homogeneous pre-test
Purpose It is reasonable for research purposes should be revealed & it is not about the machine advertisement.
Subjects It should be clear to clinical group : Adults, youth and child and juvenile's classification and precise age categories
Data statistics All sorts of figures, such as mean, standard deviation, 7, F values, calculating effect size
Dependent variables Brain Quotient (self regulation, basic rhythm, attention, activity, emotion quotient, stress resistance, brain's balance

quotient), brain waves (theta, alpha, gamma, SMR, beta). Clinical groups associated disorders and illnesses (ADHD,
alzheimer's, auditory, visual, et al.)

Moderate variables Experimental period, school level, session numbers, published year

Shin¥} Park(2011)[17]9] HIEREA] =& A4 715 7 7[ek Ags A3 AR i, 3199 59 AEI} A
A Bekelo] AR Fgs AT U AA 7)E dE RuEX] &8 =2 4098 238 £ 132898 A4
Table 1] we} HF 24 A =& AA3SI oJsted, F 34(3H] = 239, A 119)9] =S
HF = A8 AELE Figure 13} 2ok A A, 22 BAddo s Aok ofF ddael Zel, 82 5
I DBAA, g alf She AW Aaoia Aulx, &t 3 A8 JfMe o] obd A 138
THE =Ee Fauwd 24 A T WS olgst A9 F 21AEIEE oA k= 39, AAbER 6
of 9] =8 2959, S| =% 2017 5 F 4967 A, &2 128)S BAY =Roz XA
wES AAATE 7 HA, AR 49699 = F 9
OF ZETeE 589, Aol oy FHAT 2.2 H71o| & mWIKRisk of Bias Assessment)
7b obd =% 839, A AN(ATE St A« RE AF AFe ARl A JFS F Y
& ZAF o] opyfe}t V1] JgAEE AHEAL A e 9 (Risk of Bias)o] MYE sl QUH18].
Jant Ak 49 184, AHEHE A7 199, olzjet Wk 9 F(Risk of Bias)& A& Ao FAXE
9] =i gt T8 =E 15, BAAZ 75U, T g B2 3 2" 8h] i AAA el B 1
2 = GAel 2ohE gl ot vlo] ey Ej(AEY) 2 sgel|r] BEH o SraiE|ojol arl19]. Aol A
R SASAY H ot ST =% 548 S el T A 37KRisk of Bias Assessment)s T2 989} B
33099 =S A9 F, 16639 =S AASAT. AR »u] AUt Fr R geue] AaR ) wde] 1
Al A, AgdTelARt FAHES AT A g e =8 wEER An[13,20], T2 Ewe A
AN ATE oA 42 =T 419, B A2 Bioyls ZRadow WuE Aty £, A9}
2 AR B, g5AAe 22 Ve SAARI {0 = Bofoly] wiitel] Ay} Abs| st AAl] drkal #
=3ke] §ol o]F A

o] et A T FAAET AAst] AFHATVIE wale], Hy} AT} QA AT S}
T SUACIS|EAE R 89 X8, o) 4 9rkE AAgh o AR Table 29}

m
=

—_—

Litersture J [ Founded Studies through a database search( N=3471) |

Finding | The primary excepted studies(total N=330)
One-Group experiment studies(N=58)
Except for a sort of books(N=28), Not experiment studies(N=83)
Academic research papers (N=12), Not Neurofeedback training,
Screening Search engine duplication(N=2,074), But Bio-feedback measurement(N=54)
Literature The researches un related topic(neurofeedback training)(N=861) Not clinical data &Retrospective studies
Except for 2975 total researches (N=18)

Trend studies(N=19)
The duplicated studies of degrees and
journals(N=15)

The poster presentation papers not including

Total selected researches(N=496) including
degrees(N=295),Journals(N=201)

Selection . | data (N=8)
Criteria for '
f The studies with current treatments(N=75)
Analysis
‘ The selected researched being full-text(N=166) ‘ The second exception(total N=145)
- Not homogeneity test between control and
— experimental groups(N=41)
The studies without appropriate
*| information(the time, subjects, session
Final number)(N=40),
Selection Not clinical subject data(N=)13

The studies without enough statistical data
information(mean value, standard deviation,
sample sizes, ¢or Fvalues (N=51)

The researches selected meta- analysis (N=21)
Uournals N=12), (total degrees N=9),(masterN=6,doctorateN=3)

Fig. 1. PRISMA flowchart
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Table 2. Risk of Bias Assesment

Bias domain

RoBANS

(Risk of Bias Assesment tool for Non-randomized Studies)

Author's judgment

the number of journal

the number of degree total numbers(%)

Selection bias High 9/12 (75%) 8/9 (39%) 1621 (76%)
Low 3/12 (25%) 119 (11%) 421 (19%)
Unclear 0/12 (0%) 0/9 (0%) 021 (0%)
Disturbance variable High 0/12 (0%) 0/9 (0%) 0/21 (0%)
Low /12 (58%) 4/9 (44%) 11/21 (52%)
Unclear 5/12 (41%) 5/9 (55%) 10121 (47%)
pert i High 9/12 (75%) 719 (77%) 16/21 (76%)
eriormance Hias Low 3/12 (25%) 209 (22%) 521 (24%)
- blinding of participants and personnel -
Unclear 0/12 (0%) 09 (0%) 021 (0%)
Detection bias High 10/12 (83%) 719 (77%) 1721 (81%)
- blinding of outcome Low 2/12 (16%) 2/9 (22%) 421 (19%)
assesment - Unclear 0/12 (0%) 0/9 (0%) 0/21 (0%)
Adtribution bi High 4/12 (33%) 0/9 (0%) 421 (19%)
tribution bias Low 8/12 (66%) 6/9 (66%) 14/21 (86%)
- in complete outcome data -
Unclear 0/12 (0%) 3/9 (33%) 021 (0%)
Renorting bi High 0/12 (0%) 0/9 (0%) 021 (0%)
eporting bias Low 12/12(100%) 9/9 (100%) 21/21(100%)
- selective reporting-
Unclear 0/12 (0%) 0/9 (0%) 021 (0%)
4 Gt AEvtee A7 F ek S S8 golm, A 21309 A7 5 1630] Fojz} WA (blind)
ATE AAlgor okl 10 o) ARES of =& IS BT
7RI e AETtolAt rRe = 24 S BCNS H
Sstar @golA 97s sl ATE AAE L e 2.3 Xtze| 3Y
T 8ol Akl el eb) A HE 2109 Wl yrRyee Fde g3 245 98] Lubar(1995)
29 v ArrEEs =] A W7F = (Risk of Bias  [21], Othmer, Pollock®} Miller(2005)[22]7F A1 A&
Assessment tool: RoBANS)E  ©]-835}<] 317}3}05‘3}. 4 2 FE7}o|=(Neuro-Guide)[23]9F Park(2005)[24]
RoBANS+ A Cochrane)oll Al #3138k W 5o o] HIE &S ufglo & B oy uhA 3y Wb}
shbEa SIS E A, Ak hlE ? A S 39 g2 AT, FEW Y aFE4
el 48 7Fs@EI[18], R =] S (sub-group analysis)S 8 frEI= Fdo] FiE
@A Eaa AF A AFelrlel wERE el 2de E2wse 438, A7dWe o wWE
23 =% 2199 4 HrHE AAsTh (Categorica)@ W= 3T o] ThE Table 3,
RoBANS 37} A3} A =itellA] A 9180l =9 49} 2t}
oh a2 AR AL A AL mQdA] e Ag- AA 21 e Rl BEske oo FhgAo
Hol =% T 16We] HE ddol =/l HEbTh ©I=  Cooper, Hedges$l Valentine(2009)[25]¢] #@7]%S
FEI =W FEolgtE ARRAEH)e] oA o 2ot g FAgith npA o wE}
= W @AEeAE Aol dAtde mAshzE A B 3o AHAS gusty] aiA vieRy o
7 Qi B AP w2448 drsked 9l ZAdo] 9u Ady F&E gl By p4Zo] 9le vf
AR, dxats BRetel $H ot ATES 94 A 2w, WEREAS AT v} 19 3w =Y
skt 7R o s AL QIS HolFe otk = & Axgg 29e AXEE FAdA od A e
§ FEs SN AARE 2ag FENS dte] AR wolx] gy F v #9lo] FRF =R ARHOR
SYE AT Belr] wiel Jut A& Rz dow FEe AxE 9 W9 dFa A
A o HEHEIRD Al wE Ay 29 datil Qv AiETtel d3HAETY, Hak AsE Al
ATl elA BH(blind) 8 == I F gle 3 I Q= Ao oAs st Il 53t Al
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Table 3. Brain quotient and meaning in brain function analysis

Brain quotient The related brain waves Sub-calculating standard Meaning

Self-regulation quotient Eye closed alpha-waves Alpha frequency, amplitude average Brain's  autonomic  nervous
rate, years standard rate system control

Basic rhythm quotient Alpha, SMR, beta-low The basic states of brain waves Brain development, aging and

stability

Attention quotient Theta, SMR The rates of theta, SMR Brain awakening

Activity quotient Alpha, beta-Low Absolute strength, relative strength — Brain activity state
and personality

Emotion quotient Alpha of right and left Emotional tendency Emotional balance state

Stress resistance Delta, beta-high Stress of mental and physical Physical and mental stress

resistance

Brain's left - right balance The relating between left and right
quotient all waves

Simultaneity symmetries

Balance between left and right
of the brain

Brain quotient All frequence of all brain waves

Brain's synthetic function

Table 4. Kind of brain wave, frequency, & mental states

State Kind Frequency(Hz) Mental states
Slow Delta(6) 0.5-3 During sleep at all ages, also the waking state in infants
wave Theta(©) 4-7 Being drowsy
Alpha(a) 8-12 Resting states
Fast SMR 12-15 Calm mental states with increased reflecting before acting
wave Beta(3) Low beta 13-20 Activity
13-30Hz High beta 21-30 Working and stress / associated with epileptic
Gamma(y) 301 Associated with peak performance / called sheer rhythm

Zts A Aake 29 1% oF AS, A8 dE
2 oo]Z A tigk B, AA g¥ 7] A, 2RI
of m& mEF ANOVA, HE 3724 JAS ARt
B4 g F FAH R F IAE A BE ohe
2o} A WA, A 7+ 337 Cohen’s d= #H-o| 2}
& A5 23A71E A FAsE BEo] W uﬂ%oﬂ

26] 2 AFoNM = AT dide] AR Sl 7}
a7 Y3l g T3V (Hedge's g)s
A, SA J ERESERE RS ER
Atk v o g E o= gy A7) 2
R e X}E B8 o8 vE BAS 9
A ZEael CMA(Comprehensive Meta-Analysis)
Version 2 EZ 18-S o]&35}3it)
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Fig. 2. Publication bias

Funnel Plot of Standard Error by Hedges's g
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Fig. 3. Trim and fill publication bias
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Studies trimmed ES, 95%CI [0
1 . 527 - .
Obéewed values 683 527 - .839 135.596
Adjusted values 0 .683 .527 - .839
CI: confidence interval, ES: Effect size, Q= Homogeneity statistic
Table 6. Validation of homogeneous & the effect size
Model N K ES(g) U3 (%) SE 95% CI o I
Random 21 191 683 74.96 .080 528 - .839 135.593(20) 85.250

. A 2 .
N=the number of the study, K=sub-factor numbers of each study , Uq=Cumulative distribution standard, I~ =Heterogeneous of the effect sizes
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Table 7. Effect sizes according to dependent variables

Dependent variables K ES(g) SE 95% CI p Ou(df)
ADHD 24 1.021 179 671 - 1.327 .000
Exercise performance ability 11 .836 250 345 - 1.327 .000
Cognition performance ability 33 730 .108 S18 - 942 .000
Brain waves 49 625 .106 416 - 833 .000 7.258(5)
Brain function quotient 64 .587 074 441 - 733 .000
Emotional states 10 525 120 289 - .761 .000

O p: The difference verification between groups, ES.:

effect sizes, K: the number of effect sizes, SE: standard error, CI: confidence interval

Table 8. The difference verification of moderated effect sizes (right-left brain function and waves)

K ES(g) SE 95% CI p Ou(df)
All Right 45 627 105 421 - 833 000
. .002(1)
variables Left 45 620 097 430 - 811 .000
Brain Right 22 618 131 360 - 875 1000
: 023(1)
function Left 2 646 132 387 - 904 .000
Brain Right 23 652 175 308 - 996 1000 0610)
waves Left 23 595 148 305 - 886 000 )

K=the number of effect sizes, ES(g)=effect sizes, SE=standard error, 95% Cl=confidence interval, Q»=the difference verification between groups

Table 9. The difference verification of moderated effect sizes

K ES(g) SE 95%CI p Ou(d))
AD Hyperactivity & emotional state 10 967 307 365 - 1.569 .002 072(1)
HD Memory and inattentive 12 1.075 261 .563 - 1.587 .000 )

K=the number of effect sizes, ES(g)=effect sizes, SE=standard error, 95% Cl=confidence interval, Q ;: The difference verification between groups
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Table 10. Results of research disposition (the moderated effect size)

K(%) ES(g) SE 95% CI P Ou(df)
Subjects Auditory disabilities 18(10%) 818 107 1608-1.028 .000
Intellectual disabilities 55(30%) 17 130 462-972 .000
ADHD 59(33%) 1696 088 .523-.868 .000 11.7384)"
Brain damage 31(17%) 487 085 321-.654 .000
Eating disorder 16(9%) 449 077 299-.599 .000
Subjects Adult 50(26%) 533 069 .398-.668 .000 4.669(1)°
s Adolescent 138(73%) 734 063 611-.856 .000
Subjects University students 23(17%) .865 122 .627-1.103 .000
11 High school students 44(33%) 887 028 .558-1.216 000 2.945(3)
Junior high students 30(22%) 646 008 472-820 .000
Elementary students 36(27%) 739 .016 .492-987 .000
Time 20-30 16(8%) 1.919 364 1.205-2.632 .000
(minutes) 30-40 75(39%) 734 095 .548-.920 .000 14.2092)""
40-50 100(52%) 592 050 494-.691 .000
Session 2 26(15%) 725 084 .561-.889 .000
number 3 120(70%) 781 073 1637-.925 .000 5.742(2)
a week 5 24(14%) 486 101 288-.685 .000
The total Under 20 37(19%) 793 133 462-.982 .000
number 20-30 43(22%) 722 092 612-974 .000 13.5373)"
of 30-40 93(48%) 540 060 423-.658 .000
session Above 40 18(9%) 1.197 200 .806-1.588 .000

Op: The difference verification between groups, ES: effect sizes, K: the number of effect sizes, SE: standard error, CI: confidence interval Mp<.01, *p<.05.
Except for the moderating factors which are lack of the number of effect sizes
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(ES(2)=.887), WSA(ES(g)=.865), Z%SSHAU(ES(g)=

739), FSHY(ES(g)=646)=0.2 Z17ke] A F A7)
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Table 11. Moderated effect sizes of the publication status
Publication status K(%) ES(g) SE 95% CI p O,(d))

Published 12(57%) 685 082 525-.845 1000 0331

Unpublished 9(42%) 668 053 563-772 000 033()

Doctoral 3(33%) 517 046 426-.607 1000 N

Master 6(66%) 821 067 1690-.953 000 13.983(2)

Oy The difference verification between groups, K: the number of effect sizes, SE: standard error, CI: confidence interval, ES: effect sizes
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