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Quantitative Study on Cognitive Load of Multi-channel Information
Presentation in Virtual Reality
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ABSTRACT: Aiming at the problem that different information presentation methods in the virtual reality experience
system are difficult to determine and quantify the impact on user interaction efficiency, the work aims to conduct quanti-
tative research. By building a virtual reality scene, the category and number of information presentation channels were
used as variables to carry out the track-detection response dual-task experiment. By recording the tracking error and re-
sponse time in the task behavior data, as well as the pupil diameter in the physiological data, the changes in task per-
formance and eye movement physiological response in experiments under different channel stimulation factors were ana-
lyzed and discussed. At the same time, combined with subjective load evaluation data, a model of multi-channel cognitive
load based on BP neural network was established. The cognitive load was used as a comprehensive evaluation index of
interaction efficiency to quantify the task execution efficiency. The results showed that the type and number of channels
for information presentation had a significant impact on task efficiency. The number of channels for information presen-
tation is positively correlated with task performance and physiological response to a certain extent. Using the same chan-
nel for multiple tasks to present information will harm all the performance of all tasks and increase the cognitive load. At
the same time, the cognitive load value of the model is in good agreement with the evaluation value of subjective cogni-
tive load, with an absolute error of 8.2%, which verifies its effectiveness.
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Tab.3 Results of track-detection response
interaction experiment
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Fig.5 Comparison of root mean square tracking error of
different variable factors
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Tab.4 Input layer data of neural network model (partial)
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s TSR T 43 He /%
i — - y
PR iR 22 J2 7 B[] [ fL A
AT 5 17.52 7.85 0.82
A b 14.24 5.03 1.89
T fiph 5 19.18 6.79 1.42
T fike 21.14 14.71 2.08

W 5 FrR, AR TR R RS SR AN AR, H
TE[A] —F6 bn T 52 56 RE S W5 21 5 1 Fir AIF 575 5 3 W A
F—B S, W 25818 R TUR (G BB S R T
FULFRI, BT
43 ZEENNMATELEERR

RS TSR A 1 22 2k 5 A PPARASE AR | A SCH s
MEF B ZHIB(S %R, 2T BP M4
P T Z20m TE D S Ay R AR A o R At 45 R A5 5
56 F WL 07 AT HAT g BE AR SCHE , 2R BIAS 2 A4 TN (=2 A7
R o TR B2 MR R UL LS T AT 55 S B R AT
et

[RIF, S T RS R A R, SR AI X R 22 B
AR5 1R 22 B RPN 8 g RS R, A 3Canh

W, -W,*
o -[H o )
k

_ ik VVIk_VVIk* ’
E, = \/k kz_;[—vwk ] (16)
Hrp, kSEm g, IPMEER LK 6,

x 6 MWMEMEZIEGLERITM
Tab.6 Evaluation of neural network training results

i HEEM P %iﬁﬁi‘i’a REkapi
X 1R 22 iRE O AMRIRE O RiRE

v 0.036 0.091

Wi 0.091 0.087

fik i 0.106 0.129

AR 0.109 0.082 0.129 0.114

A fih 0.062 0.128

ik 0.103 0.144

FHLIT fisk 0.071 0.134

BERUL, SFIIAIXTRZE N 8.2%, IR
FiRZEN 11.4%. [HEF, MPEMFRPTUES, Rk
X IRZE R 10.9%, H/MEXTIRZE R 3.6%, HRKITT
RN 14.4%, F/NBTTIR2ZEN 8.7%. X WA S
o AR DA 67 e A LA e TR

5 #iE

AR SCHE T AU B S T A9 22 38 3 52 B ARG A
G, 38 B A [ B S B 7 SO A 55 B SR
AN AR, 38 T BP 2 I 2548 e 22 58 T A
TR ACKR, BTN LS RS S AL
UNEIEy & :ih e Wil = Y MR U S a N A

WFFE A B, A7 22 B A e 3 1) B AR A 55
BORBIA R, 5B 5 I O 5155 57
LA BB 5 — s R P B TEAH O 5 22 ME 5518 HTAH )
HE S PSS E A 55 ISR i % e
A B er R AL A S, i B AS SR ey e
P 28 A o A AR R BT — 5 B T S, AT LA
P AU S AT 55 52 B AR GE A bR e

S & 3k

(1]  Befd, BAEEL EHL HET BCI B UL SR B
RG], B, 2020, 41(2): 217-223.
TENG Jian, HUANG Jia-hui, GONG Kai. Design of
Virtual Reality Simulated Driving Teaching System
Based on BCI[J]. Journal of Graphics, 2020, 41(2):
217-223.

(2] &&], EM, SmiE, 5. mE S ERE NS A

MR E RS, HARR 4R (T57 R, 2020, 50(4):
1478-1486.
ZHAO Jian, WANG Liu, SHI Li-juan, et a. Multimodal
Human-Computer Interaction System for Speech Reha-
bilitation[J]. Journal of Jilin University (Engineering
and Technology Edition), 2020, 50(4): 1478-1486.

[3] Bk, Tih, BECE, 5. B2ME B RS 5 mn] ik
FEARIAR RAFIE[]. 22440, 2018, 39(4): 716-722.
ZHAO Xin, DING Yi, HOU Wen-jun, et al. On the Us-
ability Evaluation Index System of Complex Informa-
tion System Interface[J]. Journal of Graphics, 2018,
39(4): 716-722.

[4] STEFANIEX QK, TSANGSNH,CHANAH S, et al.
Hand- and Foot-Controlled Dual-Tracking Task Per-
formance Together with a Discrete Spatial Stimu-
lus-Response Compatibility Task[J]. International Jour-
nal of Human-Computer Interaction, 2017, 33(1): 21-34.

[5] HUANG Gao-jian, STEELE C, ZHANG Xin-rui, et al.
Multimodal Cue Combinations: A Possible Approach to
Designing In-Vehicle Takeover Requests for Semi-Aut-
onomous Driving[J]. Proceedings of the Human Factors
and Ergonomics Society Annual Meeting, 2019, 63(1):
1739-1743.



76 fu % T 20234F 2 H

[6] WICKENS C D. Multiple Resources and Mental Work- Processing: An Eye-Tracking Study[J]. Data Analysis
load[J]. Human Factors, 2008, 50(3): 449-455. and Knowledge Discovery, 2021, 5(2): 70-82.

[7]1 PETIT O, VELASCO C, SPENCE C. Digital Sensory [16] B(dh, w08, 5 IR A 4 1k A 2 Bl 67 fpIR 2
Marketing: Integrating New Technologies into Mul- PEAT[I. A B4R, 2021, 34(1): 167-176.
tisensory Online Experience[J]. Journal of Interactive HUANG Jing, YANG Meng-ting. Initial Emotion-Based
Marketing, 2019, 45:; 42-61. Evaluation of the Personalized Driving Load State[J].

[8] PITTS B J, SARTER N. What You Don't Notice can China Journal of Highway and Transport, 2021, 34(1):
Harm You: Age-Related Differences in Detecting Con- 167-176.
current Visual, Auditory, and Tactile Cues[J]. Human [17] ERK, WIRESR, Bizeds. 3T w2 W 45 10 95 20 ) i
Factors, 2018, 60(4): 445-464. ERIPEM T[], Bl 2224k, 2021, 42(4): 688-695.

[9] SELLA I, REINER M, PRATT H. Natural Stimuli from WANG Huan-huan, CHU Sheng-nan, GU Jing-wei.
Three Coherent Modalities Enhance Behavioral Responses Evaluation Method of Vehicle Side Modeling Based on
and Electrophysiological Cortical Activity in Humang[J]. Neural Network[J]. Journal of Graphics, 2021, 42(4):
International Journal of Psychophysiology, 2014, 93(1): 688-695.

45-55. [18] TR/, B, BB, % AP INABKEI VR A48

[10] CALANDRA D M, CASO A, CUTUGNO F, et al. ZHANFGAIEFE[]. THEALN ATST, 2020, 37(7):

CoWME: A General Framework to Evaluate Cognitive 1958-1963.
Workload During Multimodal Interaction[C]// Proceed- XU Xiao-ping, LYU Jian, JIN Yu-tong, et al. Research
ings of the 15th ACM on International Conference on on Natural Interactive Cognitive Load of Virtual Reality
Multimodal Interaction. New York: ACM, 2013: 111- Driven by User Cognition[J]. Application Research of
118. Computers, 2020, 37(7): 1958-1963.

[11] ¥, FrjEiR, Bidh, . HeT Z4E(5 BARE AT 0 [19] OHSHIRO T, ANGELAKI D E, DEANGELIS G C. A
B DN e sE ). P EA BRI, 2021, 34(4): Normalization Model of Multisensory Integration[J].
240-250. Nature Neuroscience, 2011, 14(6): 775-782.

ZHENG Ling, QIAO Xu-giang, NI Tao, et al. Driver [20] #% %t IS HARAC HIREE N PN B s R 1k
Cognitive Loads Based on Multi-Dimensional Informa- K Ha] AR IEAR[D]. 1M TR Tl k2%, 2018.

tion Feature Analysis[J]. China Journal of Highway and YANG Xian. Mathematical Expression and Visual As-
Transport, 2021, 34(4): 240-250. sessment of User Cognition in Natural Interaction of

[12] &S, B, W22, 5. EAMAM GRS N Virtual Reality Environment[D]. Guangzhou: Guang-

JHBFFE e R[], R leA4l, 2020, 39(5): 547-556. dong University of Technology, 2018.
ZHA Xian-jin, HUANG Cheng-song, YAN Ya-lan, et a. [21] THORPE A, INNES R, TOWNSEND J, et a. Assessing
Progress of Foreign Cognitive Load Theory Application Cross-Modal Interference in the Detection Response
Research[J]. Journal of the China Society for Scientific Task[J]. Journal of Mathematical Psychology, 2020, 98:
and Technical Information, 2020, 39(5): 547-556. 102390.

[13] Bosfi. T a2 4% RATAE S5 9 iR 1 6 anf 22 4 255 5 1E Al [22] RIGGS S L, SARTER N. Crossmodal Matching: The
R, AEEARZS MR K254, 2020, 46(7): 1287-1295. Case for Developing and Employing a Valid and Feasi-
WEI Zong-min. A Multi-Dimensional Comprehensive ble Approach to Equate Perceived Stimulus Intensities
Evaluation Model of Mental Workload for Complex in Multimodal Research[J]. Human Factors: the Journal
Flight Missiong[J]. Journal of Beijing University of of the Human Factors and Ergonomics Society, 2019,
Aeronautics and Astronautics, 2020, 46(7): 1287-1295. 61(1): 29-31.

[14] WANG Li-jing, HE Xue-li, CHEN Ying-chun. Quantita- (23] WRIGERE, REvll, PRER, &5, T HR s B 50 5 i 4L

[15]

tive Relationship Model between Workload and Time
Pressure under Different Flight Operation Tasks[J]. In-
ternational Journal of Industrial Ergonomics, 2016, 54:
93-102.

WE, Tz, Z5. ARG S S Ak
fap L B Taecg ma iR 2h Se w52 [J]. B i 5
AR &R, 2021, 5(2): 70-82.

KE Qing, DING Song-yun, QIN Qin. Health Information
Readability Affects Users Cognitive Load and Information

TR FURFAG R[], AR R R (A AR R,
2017, 47(1): 38-42.

CHEN Xiao-jiao, XUE Cheng-gi, CHEN Mo, et al.
Quality Assessment Model of Digital Interface Based on
Eye-Tracking Experiments[J]. Journal of Southeast

University (Natural Science Edition), 2017, 47(1):
38-42.
ARG PRI



