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Objective: Cognitive-motor trainings had a positive impact on cognitive function and dual-task trainings led to improvements of
global cognitive function. The brain activity of the prefrontal cortex (PFC) is another indicator that can infer cognitive function.
This study aims to confirm the usability of the interactive system cognitive-motor training program and the changes in the
prefrontal cortex through training.

Design: Cross-sectional study

Methods: In this study, two cognitive tasks were randomly applied to 20 adults as cognitive-motor training using an interactive
system, and the same task was performed using the original method. During all tasks, the brain activity of the prefrontal cortex was
measured by the change in oxyhemoglobin (HbO) in real-time using Functional Near-Infrastructure. After performing the tasks,
the usability of the developed interactive system was evaluated by a usability questionnaire which consists of five items, and each
item consists of a 7-point Likert scale that responds from 1 point to 7 points.

Results: The HbO levels were increased during cognitive task performance than at the resting phase. And evaluating the
usefulness of the interactive system, a questionnaire result showed that it would be useful for cognitive-motor programs.

Conclusions: The cognitive-motor training using the interactive system increased the activity of the prefrontal cortex, and the
developed wearable sensor-based interactive system confirmed its usefulness.
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Location

Channel 1 right Inferior Frontal Gyrus, Triangular Part Inferior Frontal Gyrus, pars orbitalis

Channel 2 right Middle Frontal Gyrus Inferior Frontal Gyrus, Triangular Part

Channel 3 right Middle Frontal Gyrus

Channel 4 right Middle Frontal Gyrus

Channel 5 right Superior Frontal Gyrus, Dorsolateral

Channel 6 right Superior Frontal Gyrus, Medial Superior Frontal Gyrus, Dorsolateral

Channel 7 right Superior Frontal Gyrus, Medial Superior Frontal Gyrus, Dorsolateral
Superior Frontal Gyrus, Medial Orbital

Channel 8 center Superior Frontal Gyrus, Medial Superior Frontal Gyrus, Medial

Channel 9 left Superior Frontal Gyrus, Medial

Channel 10 left
Channel 11 left
Channel 12 left
Channel 13 left
Channel 14 left
Channel 15 left

Superior Frontal Gyrus, Medial

Middle Frontal Gyrus
Middle Frontal Gyrus
Middle Frontal Gyrus

Inferior Frontal Gyrus, Triangular Part

Superior Frontal Gyrus, Dorsolateral
Superior Frontal Gyrus, Medial Orbital

Superior Frontal Gyrus, Dorsolateral

Superior Frontal Gyrus, Dorsolateral

Inferior Frontal Gyrus, Triangular Part

Inferior Frontal Gyrus, Pars Orbitalis

PFC: prefrontal cortex, fNIRS: functional near-infrared spectroscopy
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Height (cm) 169.74(7.92) HERRLT
Weight (kg) 65.35(12.15)
Table 3. Comparison of HbO in PFC of interactive system and conventional TMT A test (n=20)
Channel Interactive system TMT A Original TMT A

t(p) 95% CI

(¢ mol) before during before during
Chl 0.64(1.56) 0.75(4.33) 0.32(2.73) 1.05(3.78)  —0.369(0.714) [—4.020, 2.780]
Ch2 0.87(2.07) 1.56(8.96) 0.81(3.06) 3.16(11.27) —0.554(0.583) [—7.724, 4.403]
Ch3 0.16(0.91) 1.04(4.72) 0.43(1.93) 0.51(1.64) 0.639(0.526) [—1.735, 3.337]
Ch4 0.62(1.35) 0.37(2.84) 0.90(1.16) 0.28(1.45) 0.466(0.644) [—1.223, 1.954]
Ch5 0.53(0.83) 0.27(3.10) 0.78(1.39) 0.62(1.38)  —0.111(0.912) [—1.869, 1.674]
Cho —0.15(0.92) 0.75(2.88) 0.69(1.71) 0.43(1.12) 1.361(0.181) [—0.568, 2.901]
Ch7 —0.23(2.15) —0.24(3.50) 0.36(2.09) —0.20(2.17) 0.507(0.615) [—1.652, 2.757]
Ch8 0.58(1.07) 0.07(3.50) 1.05(2.20) 1.13(2.28)  —0.593(0.556) [—2.621, 1.433]
Ch9 0.12(1.04) 0.32(3.29) 0.31(1.16) 0.28(0.92) 0.280(0.781) [—1.414, 1.869]
Ch10 —0.27(1.58) 0.66(3.77) 0.58(1.81) 0.24(1.65) 1.305(0.200) [—0.698, 3.232]
Chll 0.44(0.78) 0.38(2.94) 0.72(1.33) 0.26(1.08) 0.514(0.610) [—1.187, 1.995]
Ch12 0.31(1.24) —0.15(2.33) 0.41(1.35) 0.05(0.95)  —0.133(0.895) [—1.477,1.295]
Ch13 0.73(0.97) 0.50(3.37) 0.76(1.70) 0.57(1.42)  —0.055(0.957) [—1.609, 1.524]
Chl14 0.07(0.96) 0.41(2.64) 0.18(1.61) 0.73(2.07)  —0.275(0.785) [—1.881, 1.431]
Chl5 0.17(0.81) 0.83(3.49) —0.39(1.88) 1.40(2.33) —1.012(0.318) [—3.397, 1.133]

Values are presented as mean(SD).

HbO: oxyhemoglobin, TMT A; trail making test A, CI: confidence interval
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Table 4. Comparison of HbO in PFC of interactive system and conventional Card matching game (n=20)
Channel Interactive system Card matching Original Card matching

(z mol) before during before during ") %
Chl 0.76(2.75) 2.63(4.40) 0.19(2.23) 3.38(4.23)" —0.753(0.456) [—4.889, 2.238]
Ch2 0.62(4.23) 0.55(5.34) 0.57(2.14) 3.24(3.60)" —1.328(0.192) [—6.908, 1.434]
Ch3 0.26(1.76) 1.08(3.08) 0.37(1.05) 1.38(2.34) —0.167(0.868)  [—2.603, 2.205]
Ch4 0.64(1.82) 1.02(2.57) 0.47(1.32) 0.96(2.32) —0.094(0.925) [—2.191, 1.995]
Ch5 0.37(2.29) 0.25(3.49) 0.69(0.92) 1.71(2.23) —0.852(0.400) [—3.870, 1.578]
Cho 0.87(2.06) 0.81(2.84) 0.39(0.81) 1.13(2.20) —0.712(0.481)  [—3.097, 1.485]
Ch7 0.50(2.01) —0.26(3.38) 0.37(1.46) 0.79(1.93) —1.038(0.306) [—3.484,1.123]
Ch8 0.81(2.28) —0.36(4.29) 0.70(1.69) 1.88(3.11) —1.454(0.154) [—5.623,0.922]
Ch9 0.63(2.02) 0.80(3.90) 0.39(1.17) 1.50(1.86) —0.708(0.484) [—3.656, 1.762]
Ch10 0.16(2.00) 0.32(3.35) 0.44(1.55) 0.83(2.47) —0.189(0.851) [—2.647,2.196]
Chll 0.66(1.85) 0.49(3.25) 0.75(1.23) 1.47(2.16) —0.724(0.473)  [—3.366, 1.593]
Ch12 0.35(1.72) 0.19(2.80) 0.54(1.23) 0.72(2.46) —0.306(0.761)  [—2.579, 1.901]
Ch13 0.60(2.13) 0.53(2.78) 0.58(1.47) 1.44(2.02) —0.837(0.408) [—3.164, 1.313]
Chl14 0.29(2.19) 0.49(2.49) 0.27(1.29) 1.67(2.37) —1.126(0.267)  [—3.390, 0.967]
Chl5 0.15(2.13) 1.59(2.46) 0.13(1.94) 2.47(3.35)" —0.734(0.468) [—3.429, 1.604]

Values are presented as mean(SD).

HbO: oxyhemoglobin, CI: confidence interval

“presents the p <0.05.

Table S. Usability of wearable sensor based interactive system

Questions Mean(SD)
I had no difficulty in using this system. 6.12(1.05)
I find that it is easy to use this system. 6.00(1.00)
. I learned how to use this system without any help. 5.94(0.97)
Usability (score)
I find that there is no inconvenience in the overall structure of this system. 6.06(0.97)
I find that most people could use this system without difficulty. 5.76(1.20)
Total 5.98(1.02)
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