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Visual Physiological Reaction Rules of Data Information
Searching under Different Cognitive Difficulty Factors
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ABSTRACT: The presentation mode of data charts in the digital production line data monitoring interface is critical to
the cognitive performance of monitors. The work aims to conduct behavior response and eye tracking experiments in se-
quence with data form, task type, color and presentation mode as variables. The lost man-hour data in the production line
was used as the material for experimental design. By recording the reaction time and accuracy in the behavioral response
data, as well as the gaze time and pupil diameter indicators in the eye tracking data, different effects were analyzed and
discussed. In the data chart recognition experiment with differences in cognitive difficulty under factors, the reaction time
and accuracy rate, as well as the gaze time and the pupil diameter of the response change consistency law were analyzed
and discussed. The experimental results showed that the data format, task type and behavioral response indicators, pres-
entation mode and color had a significant impact on the visual response indicators. With the changes in cognitive diffi-
culty differences under different influencing factors in the data chart, behavioral response is reflected in a certain degree
of negative correlation between correctness and reaction time; visual response indicators are reflected in the consistency
of gaze time and pupil diameter changes, and pupil diameter changes is more sensitive to color factors. This conclusion
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can play a certain reference role in the evaluation and design optimization of the cognitive performance of the data chart.
KEY WORDS: cognitive difficulty; gaze time; pupil diameter; consistency effect
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Fig.1 Four data chart forms of experimental materials
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Tab.1 Analysis of variance of response time for data forms in different task groups
15 4 -5 Al A %75 F . EE
2 [A] 156 163 574.199 2 78 081 787.100 23.930 0.000
5% 1 1N 1530 284 913.019 469 3262 867.618 — —
Bt 1 686 448 487.218 471 — — —
2 [A] 924 938 633.870 2 462 469 316.935 324.091 0.000
115 2 1N 660 688 735.977 463 1426 973.512 — —
Bt 1585 627 369.848 465 — — —
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Tab.2 Analysis of variance of response time for task types in different data forms
Hale #H -5 Al F ¥77 F i
2 [|] 663 474 242.278 1 663 474 242.278 462.386 0.000
LSRN AN 456 295 543.394 318 1434 891.646 — —
Bt 1119 769 785.672 319 — — —
2 [|] 112 763 817.753 1 112 763 817.753 82.859 0.000
F i AN 432771 679.219 318 1360 917.230 — —
jsSan 545 535 496.972 319 — — —
21 1| 276 877 750.878 1 276 877 750.878 164.704 0.000
L HN 534 577 140.594 318 1681 060.191 — —
JsSan 811 454 891.472 319 — — —
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Fig.2 Comparison of accuracy and response time
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Fig.4 Intersubjective effect test of the presentation
mode of gaze time and color factor
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Fig.4 Comparison of data chart of total staring time

#56 EIWAXMEIEE LSD BESELRQRE

Tab.5 LSD posterior multiple comparison test for gaze time in presentation mode

(D) BB (1) BB CRHEEME (1) RERE Bk 9506 i X ]
TR EBR

1NN 1.346 25* 0.405 03 0.001 0.549 7 2.142 8

i WALk -0.568 89 0.405 03 0.161 -1.3654 0.2277
PYCERIN -0.012 92 0.405 03 0.975 -0.809 5 0.7836

MRk 45 & -2.39 083* 0.405 03 0.000 -3.187 4 -1.594 3

LEVEN 1.915 14* 0.405 03 0.000 1.1186 27117

WL i 0.568 89 0.405 03 0.161 -0.2277 1.365 4
BUFE R 0.555 97 0.405 03 0.171 -0.240 6 1.352 5

HARITL LA -1.821 94* 0.405 03 0.000 -2.6185 -1.025 4

1NN 1.359 17* 0.405 03 0.001 0.562 6 2.1557

SUREAR i 0.012 92 0.405 03 0.975 -0.783 6 0.809 5
WAk -0.555 97 0.405 03 0.171 -1.3525 0.240 6

MRk 45 & -2.377 92* 0.405 03 0.000 -3.1745 -1.581 4

T * R FRIEZEER W K-F 2 0.05
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Tab.6 Analysis of variance of color single factor gaze time in the presentation mode group
I 4 x| A H ¥ir F M
2 [ 9.563 1 9.563 6.079 0.016
RSN HHN 110.116 70 1.573 — —
BB 119.679 71 — — —
2 1] 0.060 1 0.060 0.011 0.916
il N 373.117 70 5.330 — —
BEL 373.176 71 — — —
2 [ 0.502 1 0.502 0.076 0.784
XUk AN 465.076 70 6.644 — —
REL 465.577 71 — — —
2 1] 0.240 1 0.240 0.047 0.829
PAGERIN N 357.593 70 5.108 — —
B 357.834 71 — — —
2H [i] 139.751 1 139.751 15.273 0.000
HoRIrek st & 4 640.517 70 9.150 — —
B 780.269 71 — — —
x®7 BELEEMNERAXSHEEZNEEEREGE
Tab.7 Presentation mode of pupil diameter and intersubjective effect test of color factor
il 1277 A H ¥ior F M
16 IEAR 7Y 970.855° 9 107.873 1 476.062 0.000
HHE 1332 550.617 1 1332 550.617 18 233 758.786 0.000
S 259.382 4 64.845 887.303 0.000
i, 337.859 1 337.859 4 623.044 0.000
BRI HHE 77.383 4 19.346 264.714 0.000
2 10 868.244 148 714 0.073 — —
M 1525 110.538 148 724 — — —
BIF R Bt 11 839.099 148 723 — — —
#: a. R #7=0.319 (H%)5 R =0.301)
P Er—— R, Hohls 3 Fh B SAEA A 7
=S| 452 [EfLER
S0l WA A IR AL S/ BT A M L 1
Bl N SRR, AT U7 22 MK % ( P=0.085,
Sa0f W//ﬂ\\ﬁk-e//ﬂ P>0.05), H i #EHEKT 0.05, HIJ5 25 kB,
A 305k PRI AT DA A i 4T T — 20 05 2200 #r
500l XoF HEE L ELAR R /INEA T 22 IR 37 22 530, 459 Hh e
Nz.% Pl 2 2 3 7 =X 2 AR H) 20007 f % ( F=887.303, P=0.000,

R S DR SRR R e
Bl 5 Bl e AL AR A

Fig.5 Comparison of pupil diameter in data chart
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AW, T RUAE X Bl 1517 73 B Ak B e 32
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p<0.01 ); il fo F AR A ZL N W % ( F=4 623.044,
P=0.000, p<0.01); My X 5Pt HAAN B F
( F=264.714, P=0.000, p<0.01), W% 7,

H A ] Fe i FL AR /N H LI B, R B
2 B 5 F A T 3 52 2 A DA s otk T 38 bR i 2 25
AE, BEfLERZE R, HRITL A B2
A LB AR I S R T Al S Py 2, 5 R R R
s —3, B 28 R — D3 7 BT
[ ) LSD %5 )5 2 L/ 86, W 8, wl M A .
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XU 2 FUBURE IR P 52 B 07 30 i L B4R B 2 1]
22 S B . ML A S TR IX 3
MR IK R S5 SRR 2B U, Ir A,
M FLELARATXE E /DN, DA IR JEE B I

X R, i 45 A K 5 R R R B
Jr AT I - B B K 7 22008, WAk 9, I
IR R BT L AR R R TR AR, 5
bt 22 BT P AL B B8 L R NS R 6
A L B AR R/ N A B R 22 5 o R IR B 14
TIPSR AT DX o Bt 2 0 R AT e e
FRE TR FH I JE DX o3 e 401, 7 F AR B A B R
55, BESH BRI IMERE AT ), $25

IWHISTRUKF- .
4.6 SKIEWHE
4.6.1  BEPLENN (] 5 HE L ELAR S B R AU LA
R SEE B 0 3 MR E 2 ], AR R
CRTR A TE 2 8] DRI JEE 22 53, A SE L I [ %
B R S
fil FL FAR A B e R PR AR fF BT ) 3 A
LHT7 AR, Prek R B0 AN AL AR RN T
SR EFBEREDE A R EBO NZ A e, %
@R A i LA B RN TR G R E 5C, H
A EEESR

*8 EUFXAMEFLER LSD BKESELEKRE
Tab.8 Pupil diameter LSD posterior multiple comparison test of presentation mode

95% & {7 X [A]

(1) 28 (3) 28I FHEEZEE (1) PRifEDR 22 T
TR LR
AR 0.037 8* 0.002 64 0.000 0.032 6 0.0430
i WAL 0.016 4* 0.002 29 0.000 0.011 9 0.0209
PAGERIN 0.004 6* 0.002 26 0.041 0.000 2 0.009 1
FEARITER 25 A -0.103 0* 0.002 05 0.000 -0.1070 -0.099 0
RS IN 0.021 4* 0.002 64 0.000 0.016 2 0.026 5
L i —0.016 4* 0.002 29 0.000 -0.0209 -0.011 9
WA AR -0.011 8* 0.002 26 0.000 -0.016 2 -0.007 4
FERIT L2 A -0.119 4* 0.002 05 0.000 -0.123 4 -0.115 4
AR 0.033 2* 0.002 61 0.000 0.028 1 0.038 3
SREIR S -0.004 6* 0.002 26 0.041 -0.009 1 -0.000 2
WAL 0.011 8* 0.002 26 0.000 0.007 4 0.016 2
FORATL L & -0.107 6% 0.002 01 0.000 -0.111 6 -0.103 7
e *FR P YA ZE N B KR 0.05
*9 ERFXNEANHTeRERZEILEERAESH
Tab.9 Analysis of variance of single factor pupillary diameter of color in presentation mode group
S ) x| H ¥y F M
2 [a] 22.315 1 22.315 381.767 0.000
AR AN 987.657 16 897 0.058 — —
BB 1009.972 16 898 — — —
2 (1] 27.892 1 27.892 466.162 0.000
Sl HHN 1 663.996 27 811 0.060 — —
SRR 1691.887 27 812 — — —
2 [ 64.578 1 64.578 1195.223 0.000
WAL HHN 1 499.816 27 759 0.054 — —
JEY 4 1564.394 27 760 — — —
2 [ 62.245 1 62.245 1162.199 0.000
WA AR AN 1571.612 29 344 0.054 — —
B 1 633.857 29 345 — — —
2 1] 351.162 1 351.162 3201.171 0.000
FORATLRES & M 5 145.162 46 903 0.110 — —
B 5 496.324 46 904 — — —
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Fig.6 Consistency comparison of pupil
diameter and total staring time
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