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ABSTRACT

Objective: The present study is to develop an effective evaluation method for a driver’s cognitive workload using 
electrocardiography (ECG) signal. Background: ECG measures such as heart rate (HR) and heart rate variability (HRV) 
have been used for cognitive workload evaluation. Since ECG changes by cognitive workload vary largely depending on 
personal characteristics, an optimal analysis protocol of ECG needs to be tailored to each individual accordingly; however, 
existing studies have not considered personal characteristics in ECG analysis for cognitive workload evaluation. Method:
The proposed evaluation method uses the area under the receiver operating characteristic (ROC) curve (AUC). A 
preliminary analysis was conducted with ECG data collected in a driving simulator while an n-back task was conducted. 
AUC analysis was performed for four ECG metrics (mean IBI, SDNN, RMSSD, and RMSE), three window spans (20, 30, 
and 40 seconds), and three update rates (1, 2, and 3 seconds). Results: It was identified that the optimal ECG analysis 
parameters of metric, window span, and update rate maximizing the discriminability of cognitive workload evaluation 
varied between individual drivers. Conclusion: The finding of the present study supports the use of an individually 
customized ECG analysis protocol for better evaluation accuracy of a drivers’ cognitive workload. Application: The 
proposed ECG analysis method for cognitive workload evaluation can be applied to development of a safe driving support 
system. 
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2. Method 
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Figure 1. A driving screen on STISIM (illustrated) 

2.3 Experiment Design 
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2.4 Analysis Method 

2.4.1 Data for analysis 
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2.4.2 Distinction method for individual optimal ECG 
quantification measure 
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Figure 2. AUC analysis plotted (illustrated) 

3. Result 
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Table 1. Results of AUC analysis 
(Note: Bold values are the maximums in each comparison among tasks) 

(a) AUC analysis between two tasks
Result of AUC Analysis Workload 

Window 

span & update rate 

BL-0B
vs. 

1B-2B 

BL-0B-1B
vs.  
2B

0B vs. 
1B-2B 

0B-1B 
vs. 2B 

Mean IBI 0.944  0.870  0.782  0.740 
SDNN 0.511  0.589  0.165 0.445 

RMSSD 0.696  0.980  0.037 0.253 20 & 1 

RMSE 0.499  0.666  0.296 0.486 
Mean IBI 0.941  0.866  0.774 0.733 
SDNN 0.501  0.581  0.147 0.433 

RMSSD 0.888  0.975  0.395 0.702 20 & 2

RMSE 0.493  0.657  0.298 0.485 
Mean IBI 0.945  0.873  0.782 0.754 
SDNN 0.233  0.356  0.167 0.441 

RMSSD 0.166  0.599  0.057 0.329 20 & 3

RMSE 0.328  0.399  0.301 0.487 
Mean IBI 0.950  0.785  0.753 0.606 
SDNN 0.398  0.600  0.141 0.516 

RMSSD 0.711  0.985  0.021 0.123 30 & 1

RMSE 0.464  0.579  0.156 0.421 
Mean IBI 0.945  0.780  0.745 0.603 
SDNN 0.415  0.603  0.142 0.516 

RMSSD 0.931  0.980  0.149 0.491 30 & 2

RMSE 0.466  0.585  0.171 0.430 
Mean IBI 0.941  0.763  0.769 0.591 
SDNN 0.168  0.425  0.128 0.499 

RMSSD 0.658  0.745  0.255 0.644 30 & 3

RMSE 0.192  0.295  0.162 0.391 
Mean IBI 0.948  0.778  0.723 0.554 
SDNN 0.276  0.586  0.059 0.419 

RMSSD 0.659  0.988  0.020 0.172 40 & 1 

RMSE 0.271  0.515  0.068 0.398 
Mean IBI 0.945  0.778  0.720 0.554 
SDNN 0.275  0.568  0.059 0.394 

RMSSD 0.877  0.989  0.069 0.344 40 & 2

RMSE 0.249  0.504  0.077 0.375 
Mean IBI 0.946  0.777  0.715 0.540 
SDNN 0.111  0.349  0.064 0.430 

RMSSD 0.563  0.661  0.053 0.322 40 & 3

RMSE 0.109  0.305  0.074 0.384 

(b) AUC analysis among three tasks 
Result of AUC Analysis Workload

Window 

span & update rate 
BL-0B vs. 
1B vs. 2B 

BL vs. 
0B-1B vs. 

2B

BL vs. 0B 
vs. 1B-2B 

Mean IBI 1.647  1.673  1.679  
SDNN 1.122  1.122  1.062  

RMSSD 1.115  1.159  0.934  20 & 1

RMSE 1.085  1.081  1.192  
Mean IBI 1.639  1.657  1.670  
SDNN 1.104  1.096  1.044  

RMSSD 1.405  1.601  1.291  20 & 2

RMSE 1.058  1.086  1.195  
Mean IBI 1.655  1.683  1.678  
SDNN 0.753  0.752  1.064  

RMSSD 0.948  1.023  0.953  20 & 3

RMSE 0.933  0.821  1.198  
Mean IBI 1.521  1.472  1.650  
SDNN 1.098  1.178  1.038  

RMSSD 1.113  1.049  0.918  30 & 1

RMSE 1.097  1.140  1.052  
Mean IBI 1.512  1.463  1.641  
SDNN 1.113  1.185  1.039  

RMSSD 1.442  1.411  1.046  30 & 2

RMSE 1.057  1.138  1.067  
Mean IBI 1.484  1.367  1.666  
SDNN 0.747  0.837  1.025  

RMSSD 1.249  1.348  1.151  30 & 3

RMSE 0.725  0.782  1.059  
Mean IBI 1.481  1.492  1.620  
SDNN 0.864  1.032  0.956  

RMSSD 1.124  1.062  0.917  40 & 1

RMSE 1.012  1.088  0.965  
Mean IBI 1.472  1.486  1.616  
SDNN 0.859  0.998  0.956  

RMSSD 1.305  1.226  0.965  40 & 2

RMSE 0.993  1.058  0.974  
Mean IBI 1.463  1.471  1.611  
SDNN 0.695  0.761  0.960  

RMSSD 1.020  1.006  0.950  40 & 3

RMSE 0.684  0.732  0.971  



4. Discussion 
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