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ABSTRACT: The work aims to analyze the development history, existing problems and future development trends of the
fusion of cognitive neuroscience and human-computer interaction research. Literature meta-analysis was used to analyze
related literatures in different fields, such as cognitive neuroscience, human-computer interaction, and brain-computer in-
terface. First, the development history of cognitive neuroscience was briefly introduced, and the evolution process of brain
function imaging technology was described. Then, the inspiration of the research results in the field of cognitive neuro-
science on human-computer interaction research was discussed, followed by the development history of cognitive model
of human-computer interaction research based on cognitive neuroscience and brain imaging technology. A brief introduc-
tion to some human-computer interaction researches conducted based on cognitive neuroscience and brain imaging was
made. And, the typical field (i.e. the field of brain-computer interface) of fusion of cognitive neuroscience and hu-
man-computer interaction research was emphatically introduced, including the development history of brain-computer in-

terface, the cognitive model of brain-computer interface, and the existing problems of brain-computer structure research.
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Finally, the necessity and possibility of the fusion of cognitive neuroscience and human-computer interaction were sum-

marized, and the future development trend was predicted on the basis of summarizing the current status. The results show

that, the fusion of cognitive neuroscience and human-computer interaction research provides new ideas and methods for

human-computer interaction research. Future human-computer interaction research based on cognitive neuroscience can

better reveal users' characteristics and interaction rules in the process of human-computer interaction.
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Fig.2 Functional magnetic resonance brain imaging system
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Fig.3 Functional near-infrared spectroscopy system
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Fig.4 Brain-computer interface devices

3.2 fu#liE O R IA R Bt

TEAEGE TR AE T, BFFE N B T
A P A LA SR AR P AT D 15 2R 4 W s S 48U
FENAUIN TARZS o S AL, BIFFE N Bl 2 L
L SR BN AT A AR, R T 2 A
FEH0 RE (1 DA A 22 58 A T P P 1 DA R R A T T
BE, R, AR S A e 5 S it
FTH SR BE e N ISR R RE ST, RUE I FE N 51 25
P T AR ZRAMAT A A ALY, AT 2 2 7 7 2
VBRI RE PF AR S5 J7 T, b2 KA BT FE N B 3
AR K-, JCEERS 8 S B T P AN R I
A AR SV S AR TR Z M B K & o (5
JEE AR B, WS BLRT LRI B TP A

I T3 e b A R AR, XA — R RS b nT LS
THEHLAS TP O 5 R A AT 7 — S A Y
WFFE A, BETEN BRI B RS Mo APLAE AR
T BT Y EE EPEA R b, 2R T IR S 22 AL 15 B
SR AHLAE B AT HEA T e SRR L, AR AR A
R EAR A TR LAY I — A, R AR T DL
A BT R SO T — AU AL B, i
X 23 AR b BT R SR £ 48 9 AP S B B BF S 1
/%[39]0

ST B DA R 2 R 2 B 5 T M A5
T FEBIE ST o 38 S BF 5 M4 40 5 S5 IA R D RE L 5 4
TEO, WFFEN B RS B A R M B A67 97 52 i ) 5 )
AFRNHITIRE o B b AR LA I KR, HFFEN Bk
PRI BB EAR 2Z 5] B9 %] 1R, SR s A o TA 936 2l e



8405 5221

L7303 SN INAIE L E2Y R R S PN N0 S AN R PO Y S K 61

51k AR il DX, AR R R s, T
SEER R SRR B, F P T S8 LR I Bl AR
AR LIRS 7 AR, IF HIRTERS O HE ™48
R SE R, B, XRFIY A RO H g
I, WFFT4S SR A0 38 VG B E /N

[F] B 2 1 R, P ZE BRSNS B
T B NS Bl [ A K R s A =, 5 sl b s
FA) | S8 2 T A A ol AR R TG T 51 A 118) A i 9 i A
K, NIRfArE—E2ER . Wik, -SSR ARESETF
RIS A AR S E A AR PR A A AT 2R X
R A A% ZR e T sk e T 2 il 5 B R R A T LS
H SRR A AL IR AR S5 &, e A Uk A%
PREE v i K 36 20 5 5 | & 3 i Bl 4T 55 Bk R AE—
N O B ) By s 1 AN 7 N A 1
g I LS = AR I S O B R S
INARE 31y, 1 ELIE BE S B 5% I SEFE B 504 9 TA Hm T
I,
3.3 HZEOSINRSITEME

EA KIEHFTER WL, ST 5L AT 55 I A9 S 1
AR Bl 56 K2 -5 FO SO A i R R EE AR G, (R
WFFEN G T RS 5 G T P A — S g AT
55 LRSS I ARREE , IR AESL TR R 7 X gl
B A0 R E A B N, R IR BRI R
25 M A&, T LURE 528 BAS [R] DA RAT: 55 16 (9 i 80
B T PPAG AMLEE B BRI P R A3 B2 G 2R
T i S A RO AR 45 S A R L A ) i — 2 Y
WESE, AR AW FEN U Al ATE S 32 B985 T 1l i
TIEARTT RN HAFTE

FIHAT A Ik, FFFEN GRS b (1
UNAE S5 SE U | RARESE R R ) J7 IR 1 B A A
R, WAEM AT R e A A BESAR DA DA RN T 7
FHHEAT TR, i — e a5 R R B, T LUK
SRUbT A% Sl FITHIR S35 B A O 1 R BE B AR, R0 A
2 I P IS A S i R AR5 5 14 B i b (L
e, W EEENE, RETTIEA G R, HAR
N2 2 T A TP P B A B s R/, A LR S B
XA T e i B A o B DA 2R 05 1
HAWALE TS EE 5, WA A BT — M EL
(L A ry AMLES B A P BRI TR PEAL Tk

URSRAN W S8 T A A, AR S PRI T A
Frddt Mk, PR Z AR AR, B2t n]
PAB T H 5 T F P S A RO T B4 il 8 IR 25 A 1
F4 ) SE N T S ASETBCAE, AT RO P ST
EE= 8 SIREE CE 2 VK 4 U= By VA SN NS
DR A APLAZ B S H . S2bs L, PN R EARTEX
THHTAT KRR T, DS AL H R,
AR SR N FERA L CEIN TR R
B4

— TR IR AR AR BIBEE , 4RV T SO RIE
TS AGIBRE R Fe By B3 R R s s EAL ], DL AR
i B RRAE SR 38 B T2 B E TR A
JRy R 21T 5 — SR A AL 23 S BR3P
Jo B BRI R 55 AT 7 A, LRI P AT A
PLAZE R, SR S BUE B4R, W LR
FRRE W/ P A8 L R AT 41

FESE T HLEE C R TP B AL B, 8w
BEERE, 7EMIH S A RE S5 R R AT N, 2
7% J& R P A R A AT R o W E 4 TP AR
GEURAY RN, Bk HILEE 1 mT DU TP B I Y
IR /INH 214 AT 55 R A0 R £ R0, e T L
TP A AN T R vp, {5 SO S 2l 5 B
TR AN RAIAY: . F35h, i Z AL
Jr 5 K A RN T A 4 I — AR BT IR L
AN, RN TR S (DN TR R AN R X 5T
X LEAT 5 BN T AR AEAR KR L s iy, PR ket
AT PR R e e L 5 1) gt 3t 2 B
IR E SRR, S — AL I TAL 55 Lol g
I H Ik BEARAE AT HAl 5 755 B R B0 T, He2s ) im
TALSS A A SZ RN o 3l XA, HFFE GO AT
PAREL T i ANRME 55 | AN TRlE 1 N A BT IR A4 23 PR
2, AT S B i R PR A 417 52 o A EL AR St i A o
USRI A IR I T AR 55 Lok, IR A )5 2 2 R B
RS AT AR HAE 2 Fen s i ) 96
BHATRE, RZIMK . A —Fr b B oL, S
TESE AT 55 i B rP R ST ), IRALE 11 2R S8 ot
TR HCH RIS A5 AR X B L, 84 R GERE A
SRR R EE, BRBORER, HEHAA R
i A A SRR A B S A5 S o

4 £5iE

Bt I 4 = AR 2, A AT Ak AR 2
SR ZI AN o [F, BEE R AR 2k, A
PUSZ AR . B A B BRG] S5 AR A 2
FIER—EHE R, JAT, AR A R
2 NS EAF TR B T 0F T S8 8% | WE S du A5
PR BB SCRr . AT AT, 7EARRILAERL, A
MAER G AP R SR ER S, 7RI T2 &
{H. R R BCR o

STk

(1] TEEI, #il, WA, MR 55 28 0 5% 3 0],
Hh [ B2 B B I, 2016, 31(7): 725-736.
PU Mu-ming, XU Bo, TAN Tie-niu. Brain Science and
Brain-Inspired Intelligence Technology-An Overview[J].
Bulletin of Chinese Academy of Sciences, 2016, 31(7):
725-736.



62

At
£

1

T 7

2019 4F 11 A

[10]

[11]

[12]

BWT, BHRW, WU, A RO ph 2 R A ).
T ERLEBEBE T, 2016, 31(7): 755-764.

LI Cheng-yu, YANG Tian-ming, GU Yong, et al. Neural
Basis of Brain Cognition[J]. Bulletin of Chinese Acad-
emy of Sciences, 2016, 31(7): 755-764.

PUMM, DU J L, IP N, et al. China Brain Project: Basic
Neuroscience, Brain Diseases, and Brain-Inspired
Computing[J]. Neuron, 2016, 92(3): 591-596.

BRI, sl BT AR A 52 1 AR IR 55 1
P[], E A AR, 2009, 35(1): 65-70.

DENG Sheng-li, ZHANG Min. Construction of Interac-
tive Information Service Model Based on User Experi-
ence[J]. Journal of Library Science in China, 2009,
35(1): 65-70.

ZHU D, BIEGER J, GARCIA M G, et al. A Survey of
Stimulation Methods Used in SSVEP-Based BCIs[J].
Computational Intelligence and Neuroscience, 2010(5):
1-12.

TR, XUROAR, % EME RENT I BUIR 5 % 8
(1. P EFBHEBEBE T, 2016, 31(6): 793-802.

XU Bo, LIU Cheng-lin, ZENG Yi. Research Status and
Developments of Brain-inspired Intelligence[J]. Bulletin
of Chinese Academy of Sciences, 2016, 31(6): 793-802.
IR, RHELL, 2N, . AL BN, O
BT AR A ] P EBEABERE T, 2011(6): 620-
629.

LIU Xun, WU Yan-hong, LI Xing-shan, et al. Cognitive
Psychology: Foundations for Understanding Brain,
Mind, and Behavior[J]. Bulletin of Chinese Academy of
Sciences, 2011, 26(6): 620-629.

RAMNANI N, OWEN A M. Anterior Prefrontal Cortex:
Insights into Function from Anatomy and Neuroimag-
ing[J]. Nature Rev Neuroscience, 2004, 5(3): 184-194.
Jpifl, FEELZL. KA R A 7E Bl 2878 B v i I 0],
LT R R AR RSB RR), 2017, 32(1): 24-33.

SU Song, TANG Hong-hong. The Application of Cogni-
tive Neuroscience in Neuromarketing[J]. Journal of
Beijing Technology and Business University (Social
Sciences), 2017, 32(4): 24-33.

WEE, fiRE, REE. ETREESHANZE
SIS F & TR [T A I AR AR R,
2008, 22(1): 81-85.

XU Bao-guo, HE Le-sheng, SONG Ai-guo. Design and
Application of Human-machine Interactive Experimen-
tal Platform Based on EEG[J]. Journal of Electronic
Measurement and Instrument, 2008, 22(1): 81-85.
VASILJEVIC G A M, MIRANDA L C D, MENEZES B
C D. Mental War: an Attention-Based Single/Multiplayer
Brain-Computer Interface Game[C]. In International
Conference on Computational Science & Its Applica-
tions, 2018.

CURRAN E A, STOKES M J. Learning to Control
Brain Activity: a Review of the Production and Control
of EEG Components for Driving Brain-computer Inter-

[13]

[14]

[15]

[18]

[19]

[21]

[22]

face (BCI) Systems[J]. Brain & Cognition, 2003, 51(3):
326-336.

D'ESPOSITO M, ZARAHN E, AGUIRRE G K. Event-
related Functional MRI: Implications for Cognitive
Psychology[J]. Psychological Bulletin, 1999, 125(1):
155-164.

FAIRCLOUGH S H. Fundamentals of Physiological
Computing[J]. Interacting with Computers, 2009, 21(1):
133-145.

HATK, R DOREMEIT ZL AP TE BOR BT HE e S HN
TP RS B R AT BE (1], A ARBESE, 2019,
9(1): 7-14.

HU Fei, QIAN Cheng. Advances in Functional Near In-
frared Spectroscopy and Its Possibility for Measuring
the User Experience[J]. Design Research, 2019, 9(1):
7-14.

GIROUARD A, SOLOVEY E T, HIRSHFIELD L M, et
al. Distinguishing Difficulty Levels with Non-invasive
Brain Activity Measurements[J]. Human-Computer In-
teraction, 2009(3): 5726.

STRANGMAN G, CULVER J P, THOMPSON J H, et al.
A Quantitative Comparison of Simultanecous BOLD
fMRI and NIRS Recordings during Functional Brain
Activation[J]. Neuroimage, 2002, 17(2): 719-731.
LLOYDEFS, BLASI A, ELWELL C E. Illuminating the
Developing Brain: the Past, Present and Future of Func-
tional Near Infrared Spectroscopy[J]. Neuroscience &
Biobehavioral Reviews, 2010, 34(3): 269-284.
BUSCHMAN T J, MILLER E K. Top-Down Versus
Bottom-Up Control of Attention in the Prefrontal and
Posterior Parietal Cortices[J]. Science, 2007, 315(20):
1860-1862.

FAN J, MCCANDLISS B D, SOMMER T, et al. Testing
the Efficiency and Independence of Attentional Net-
works[J]. Journal of Cognitive Neuroscience, 2002,
14(3): 340-347.

OTTEN L J. Task-dependency of the Neural Correlates
of Episodic Encoding as Measured by fMRI[J]. Cerebral
Cortex, 2001, 11(12): 1150-1160.

CHEN C M, WU C H. Effects of Different Video Lec-
ture Types on Sustained Attention, Emotion, Cognitive
Load, and Learning Performance[J]. Computers & Edu-
cation, 2015, 80: 108-121.

AFERGAN D, PECK E M, SOLOVEY E T, et al. Dy-
namic Difficulty Using Brain Metrics of Workload[J].
Proc Acm Chi Acm Press, 2014(4): 3797-3806.

JILK D J, LEBIERE C, O'REILLY, et al. SAL: an Ex-
plicitly Pluralistic Cognitive Architecture[J]. Journal of
Experimental & Theoretical Artificial
2008, 20(3): 197-218.

MINNERY B S, FINE M S. FEATURE Neuroscience
and the Future of Human-computer Interaction[J]. In-
teractions, 2009, 16(2): 70-75.

ARDENNE K, MCCLURE S M, NYSTROM L E, et al.

Intelligence,



8405 5221

L7303 SN INAIE L E2Y R R S PN N0 S AN R PO Y S K 63

(27]

[30]

[31]

[32]

[33]

[36]

BOLD Responses Reflecting Dopaminergic Signals in
the Human Ventral Tegmental Area[J]. Science, 2008,
316(7): 1264-1267.

CHAMINADE T, HODGINS J, KAWATO M. Anthro-
pomorphism Influences Perception of Computer-
animated Characters Actions[J]. Social Cognitive and
Affective Neuroscience, 2007, 2(3): 206-216.

ITTI L. A Model of Saliency-based Visual Attention for
Rapid Scene Analysis[J]. IEEE Trans, 1998(20): 178.
PARASURAMAN R, WILSON G F . Putting the Brain
to Work: Neuroergonomics Past, Present, and Future[J].
Human Factors: the Journal of the Human Factors and
Ergonomics Society, 2008, 50(3): 468-474.

AHN M, LEE M, CHOI J, et al. A Review of Brain-
Computer Interface Games and an Opinion Survey from
Researchers, Developers and Users[J]. Sensors, 2014,
14(8): 14601-14633.

SCHALK G, MILLER K J, ANDERSON N R, et al.
Two-dimensional Movement Control Using Electrocor-
ticographic Signals in Humans[J]. Journal of Neural
Engineering, 2008, 5(1): 75-84.

VELLISTE M, PEREL S, SPALDING M C, et al. Cor-
tical Control of a Prosthetic Arm for Self-feeding[J].
Nature, 2008, 453(8): 1098-1101.

LIU Y, WANG J, YIN E, et al. A Tactile ERP-Based
Brain—Computer Interface for Communication[J]. In-
ternational Journal of Human—Computer Interaction,
2018(9): 1-9.

BIRBAUMER N, STREHL U, HINTERBERGER T.
Brain-Computer Interfaces for Verbal Communica-
tion[J]. Manuel De Gestion Des Aires Protégées Dafri-
que Francophone, 2004, 55(4): 228-232.

BADCOCK N A, PREECE K A, DE W B, et al. Valida-
tion of the Emotive EPOC EEG System for Research
Quality Auditory Event-related Potentials in Chil-
dren[J]. Peer J, 2015(3): 907.

SANGTAE A, KIWOONG K, CHAN J S. Steady-State

Somatosensory Evoked Potential for Brain-Computer

[37]

[38]

[39]

[41]

[42]

[43]

[44]

Interface-Present and Future[J]. Frontiers in Human
Neuroscience, 2016(9): 213.

NICOLAS A L F, GOMEZ G J. Brain-computer Inter-
faces, a Review[J]. Sensors, 2012, 12(2): 1211-1279.
AU, EEEEL, EIEAE, fF. AR RGBT S
NS B AL AT ST 0], Tl TR S A B, 2012,
17(6): 72-75.

NIU Ya-feng, XUE Cheng-qi, WANG Hai-yan, et al.
The Preliminary Exploration and Study on Brain
Mechanism of Cognitive Load in the DHCI of Complex
System[J]. Industrial Engineering and Management,
2012, 17(6): 72-75.

PAVITRAKAR V R. Survey of Brain Computer Interac-
tion[J]. International Journal of Advanced Research in
Electrical, Electronics and Instrumentation Engineering,
2013, 2(4): 1647-1652.

i, vRate. AL E AR TRA R AT RO 25 B T
WT5 2001, OHAER, 2009, 4(1): 35-43.

LI Jin-bo, XU Bai-hua. Synthetic Assessment of Cogni-
tive Load in Human-Machine Interaction Process[J].
Acta Psychologica Sinica, 2009, 41(1): 35-43.
BELKACEM A N, SHIN D, KAMBARA H, et al.
Online Classification Algorithm for Eye-movement-
based Communication Systems Using Two Temporal
EEG Sensors[J]. Biomedical Signal Processing and
Control, 2015, 16: 40-47.

CHEN C M, HUANG S H. Web-based Reading Annota-
tion System with an Attention-based self-regulated
Learning Mechanism for Promoting Reading Perform-
ance[J]. British Journal of Educational Technology,
2014, 45(5): 959-980.

PODOPRIKHINDA. Implementation of the "Labyrinth"
Game by Brain-computer Interface Tools[J]. Computa-
tional Mathematical and Modelling, 2015, 26(4): 555-
565.

BADDELEY A. Working Memory: Theories, Models,
and Controversies[J]. Annual Review of Psychology,
2012, 63: 1-29.



