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Impact of competition-induced mental fatigue on cognitive abilities and electrocardiographic features
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[ Abstract ] Objective To look for cognitive assessment paradigms and electrocardiographic (ECG) characteristics
sensitive to mental fatigue through an experimental study. Methods Data were collected from 10 healthy students of
the University of Shanghai for Science and Technology who participated in the 4-day National Undergraduate Electronics
Design Contest, including their Stanford sleepiness scale (SSS) scores, sleep duration, cognitive task performance, and
ECG signal data. Ten ECG features, including time-domain, frequency-domain, and information-domain characteristics,
were extracted during cognitive tasks. The cognitive task performance and ECG features sensitive to changes in mental
fatigue were analyzed. Results Significant differences were observed in SSS scores (x*=23.116, P<<0.001) and sleep
duration (y*=19.608, P<<0.001) across the 4 d. For cognitive task performance, word-color congruent accuracy and word-
color incongruent accuracy in the Stroop task and Single-visual target stimulus accuracy and Visual target-auditory non-
target stimulus accuracy in the audiovisual competition task all showed significant negative correlations with SSS scores (all
P<0.05). Regarding ECG features, Poincaré plot SD2 during the Stroop task was positively correlated with sleep duration
(P<<0.05), while Poincaré plot SD2 during the 2-back task was positively correlated with mental fatigue assessment scores
and was negatively correlated with sleep duration (both P<<0.05). Conclusion The accuracy of the Stroop task and
audiovisual competition task is a cognitive ability indicator sensitive to mental fatigue, while the Poincaré plot SD2 during
Stroop and 2-back tasks is an ECG indicator sensitive to mental fatigue.
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Fig1 Operational procedures of 3 cognitive tasks

A: Procedure of the Stroop task; B: Procedure of the audiovisual task; C: Procedure of the 2-back task.
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Tab 1 Correlation analysis between Stroop task performance, electrocardiographic characteristics during the task,

and fatigue assessment

Index SSS score Sleep duration
Word-color congruent accuracy —0.320 0.187
Word-color incongruent accuracy —0.342" 0.285
Word-color congruent response time 0.175 —0.041
Word-color incongruent response time 0.280 —0.027
Heart rate —0.026 —0.260
Root mean square of the successive differences 0.014 0.090
Low frequency —0.259 —0.015
High frequency 0.076 —0.162
Low frequency/high frequency —0.236 0.113
Sample entropy —0.082 —0.064
Rényi entropy —0.094 0.205
Poincaré plot SD1 0.014 0.090
Poincaré plot SD2 —0.006 0.380"
Poincaré plot SD1/SD2 0.077 —0.179

"P<0.05. SSS: Stanford sleepiness scale.

®2 AMEHESRIARESHE DO RIFESESTEREXERE

Tab 2 Correlation analysis between audiovisual task performance, electrocardiographic characteristics during the

task, and fatigue assessment

Index SSS score Sleep duration
Single-visual target stimulus accuracy —0.383" 0.197
Single-auditory target stimulus accuracy —0.177 0.001
Dual-modal visual-auditory target stimulus accuracy —0.273 0.263
Visual target-auditory non-target stimulus accuracy —0.376" 0.152
Visual non-target-auditory target stimulus accuracy —0.276 0.148
Single-visual target stimulus response time —0.066 0.035
Single-auditory target stimulus response time —0.042 0.024
Dual-modal visual-auditory target stimulus response time 0.047 0.000
Visual target-auditory non-target stimulus response time —0.166 0.152
Visual non-target-auditory target stimulus response time 0.137 0.090
Heart rate —0.310 0.072
Root mean square of the successive differences 0.108 —0.013
Low frequency 0.198 —0.149
High frequency —0.125 —0.015
Low frequency/high frequency 0.100 —0.032
Sample entropy 0.213 —0.197
Rényi entropy 0.053 —0.034
Poincaré plot SD1 0.109 —0.013
Poincaré plot SD2 0.258 —0.052
Poincaré plot SD1/SD2 —0.118 0.031

'P<C0.05. SSS: Stanford sleepiness scale.
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Tab 3 Correlation analysis between 2-back task performance, electrocardiographic characteristics during the task,

and fatigue assessment

Index SSS score Sleep duration
Accuracy —0.232 0.164
Response time 0.141 0.138
Heart rate —0.283 —0.056
Root mean square of the successive differences 0.016 0.030
Low frequency —0.053 —0.159
High frequency —0.240 0.240
Low frequency/high frequency 0.173 —0.248
Sample entropy 0.043 0.094
Rényi entropy 0.055 0.130
Poincaré plot SD1 0.016 0.031
Poincaré plot SD2 0.339" —0.357
Poincaré plot SD1/SD2 —0.259 0.342"
"P<C0.05. SSS: Stanford sleepiness scale.
F4 BEXEZERERVE
Tab 4 Difference test of significantly correlated indicators
Index g(l)rlr:let ObSZV(EgSHQZ; lue, 2’ value P value
Word-color congruent accuracy in stroop task D1 0.961 (0.947, 1.000) 4958 0.175
D2 0.972 (0.956, 0.989)
D3 0.928 (0.831, 0.981)
D4 0.983 (0.952, 0.992)
Word-color incongruent accuracy in stroop task D1 0.956 (0.925, 0.969) 5.170  0.160
D2 0.956 (0.939, 0.981)
D3 0.872(0.817, 0.969)
D4 0.967 (0.908, 0.978)
Poincaré plot SD2 in stroop task D1 77.309 (70.972, 93.552) 0.840  0.840
D2 70.414 (60.818, 90.799)
D3 87.433 (59.692, 110.466)
D4 68.283 (55.358, 80.370)
Poincaré plot SD2 in 2-back task D1 54.900 (43.854, 62.508) 8.760  0.033
D2 85.685 (65.862, 114.520)
D3 98.485 (59.018, 135.395)
D4  52.214 (38.071, 80.653)
Poincaré plot SD1/SD2 in 2-back task D1 0.354 (0.304, 0.537) 9.000  0.029
D2 0.286 (0.221, 0.468)
D3 0.226 (0.183, 0.299)
D4 0.306 (0.215, 0.630)
Single-visual target stimulus accuracy in audiovisual task D1 0.975 (0.888, 1.000) 7.654  0.054
D2 1.000 (0.900, 1.000)
D3 0.825 (0.638, 0.963)
D4 0.975 (0.900, 1.000)
Visual target-auditory non-target stimulus response time in audiovisual task D1 1.000 (0.938, 1.000) 13.478  0.004
D2 1.000 (1.000, 1.000)
D3 0.850 (0.738, 1.000)
D4 0.950 (0.900, 1.000)

D1: The morning of day 2 in the competition; D2: The morning of day 3 in the competition; D3: The morning of day 4 in the

competition; D4: The morning of day 2 after the competition.
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