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The Inference Method of Multi-Cognitive-State while Performing Mental Tasks by using

Performance-Mental Effort Modeling

Shutaro Kunimasa*!, Kyoichi Seo *!, Hiroshi Shimoda*'and Hirotake Ishii*!

Abstract — In order to evaluate intellectual productivity such as the efficiency of per-
forming mental works, several studies have been conducted where the operational logs
of mental tasks were analyzed. However, it is also necessary to analyze several cognitive
states in mental workers so that the productivity can be evaluated accurately. In this
study, therefore, the Performance-Mental Effort Modeling has been proposed, where task
performance and cognitive load are employed in order to evaluate multi-cognitive-state in
mental workers. Besides, the inference method of multi-cognitive-state have been devel-
oped by using the operational logs of mental tasks as well as pupil diameter and heart rate
of the worker. As a result of the subject experiment, the authors found the feasibility of
this proposed method so as to evaluate several cognitive states in mental workers. This

method is expected to be the novel evaluation method of intellectual productivity.
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Table 2 Inference Rules for Mental Effort

If Then
No. P.D. H.R. | Mental Effort

1 High High High
2 High Middle High
3 High Low High
4 | Middle High High
5 | Middle Middle Middle
6 | Middle Low Middle
7 Low High Middle
8 Low Middle Low
9 Low Low Low

P.D. = Pupil Diameter, H.R. = Heart Rate
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Table 3 Inference Rules for Cognitive States

If Then
No. | Perf. M.E. Cognitive State
1 | High High High Working State
2 | High Low | Optimal Working State
3 | Low High Bad Working State
4 | Low Low Low Working State
Perf. = Performance, M.E. = Mental Effort
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Table 4 Theoretical Solution Time for the

tasks
Digit ‘ T.S.T.(Minimum) T.S.T.(Maximum)
1-digit 1.77 sec. 2.80 sec.
2-digit 2.80 sec. 4.46 sec.
3-digit 4.50 sec. 8.26 sec.
4-digit 5.65 sec. 10.46 sec.

T.S.T = Theoretical Solution Time
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Table 5 Inference Result of Performance Mental Effort, and Cognitive State

Phase Tapping 1 47 2 #7 3 i 4 #7 TrTTTTTTTrTrrTTT
Performance | Loading - 0.74 (0.09) 0.46 (0.09) 0.47 (0.15) 0.42 (0.20) 0.60%
Un-Loading - 0.56 (0.11) 0.57 (0.13) 0.50 (0.11) 0.46 (0.18) -0.34%
CognitiveLoad | Loading | 0.36 (0.16) 0.39 (0.23) 0.46 (0.21) 0.52 (0.24) 0.58 (0.20) 0.40%*
Un-Loading | 0.33 (0.10) 0.37 (0.12) 0.37 (0.13) 0.35 (0.17) 0.42 (0.16) 0.10
High W.S. Loading - 0.26 (0.18) 0.19 (0.11) 0.22 (0.11) 0.20 (0.13) 0.14
Un-Loading - 0.27 (0.10) 0.25 (0.07) 0.25 (0.13) 0.19 (0.09) 0.28
Optimal W.S. | Loading - 0.43 (0.18) 0.22 (0.06) 0.20 (0.12) 0.18 (0.15) 0.55%
Un-Loading - 0.37 (0.15) 0.35 (0.12) 0.31 (0.13) 0.24 (0.15) -0.35%
Bad W.S. Loading - 0.08 (0.04) 0.20 (0.09) 0.25 (0.16) 0.32 (0.20) 0.56%*
Un-Loading - 0.06 (0.03) 0.13 (0.09) 0.14 (0.09) 0.15 (0.05) 0.42*
Low W.S. Loading - 0.10 (0.05) 0.26 (0.18) 0.22 (0.21) 0.19 (0.15) 0.17
Un-Loading - 0.23 (0.10) 0.23 (0.08) 0.29 (0.14) 0.30 (0.20) 0.23
* p£0.05, *: p<0.01
W.S. = Working State.
r is correlation coefficient.
Standard deviation is included in ( ).
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Fig.6 An example of Inference Output for 4-
Digit Mental Arithmetic Task.
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