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Abstract. This study investigated the operator’s mental workload of the fourth 
Nuclear Power Plant in Taiwan. An experiment including the primary and 
secondary tasks was designed to simulate the reactor shutdown procedure of the 
Nuclear Power Plant. The performance of secondary task, the subjective mental 
workload and seven physiological signals of participant were measured. The 
Group Method of Data Handling (GMDH) was applied to integrate these 
physiological signals to develop a mental workload predictive model. The 
relationship between subject mental workload and the performance of 
secondary task is highly correlated with Pearson correlation coefficient as 
0.691. The validity of the proposed model is very high with R2=0.85. The 
proposed model is expected to provide supervisor a reference value of 
operator’s performance by giving physiological signals. Besides nuclear power 
plant, the proposed model could be applied to other fields such as aviation, air 
transportation control, driving and radar vigilance, etc. 
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1   Introduction 

Modern complexity system could bring heavy mental workload to their operators. The 
high rate of information flow, complexity of the information, numerous hard 
decisions and task time stress could overwhelm the system operators. On the other 
hand, high level of automation could lead to low mental workload [1, 2]. For most of 
the operators, their performance would be degraded when their mental workload is 
either too high or too low. Only in an appropriate level of mental workload, the 
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operators could perform as anticipated [3, 4]. Although both high and low mental 
workloads would cause operator’s performance degradation, most of the previous 
studies paid much attention on the problems caused by high mental workload rather 
than by low mental workload. Hence, developing an early warning system to measure 
the operator’s mental workload is a very important issue. 

Performance measurement, subjective ratings and physiological measurement have 
been considered as the three most general mental workload measurements [5, 6]. 
Among these measurement technologies, physiological measurement could record the 
continuous data and be less intrusive on work activities and high sensitive to the 
cognitive requirements of a complex task. Hence, it is more suitable for measuring 
real time mental workload than others [7, 8]. However, Chen and Vertegaal [9] 
pointed out that there has been little use of real-time physiological measure to 
dynamically manage the operator’s mental workload during system operation. 

The physiological responses to mental tasks were different for each person and the 
physiological response patterns were also different from task to task [8, 10]. Thus, it 
is important to consider the situations while one try to develop a real time mental 
workload predictive model. One approach to solving these problems is to record 
several physiological indexes and integrate them into one synthesized index by 
individual difference, and analyze it immediately [9, 7]. 

Numerous researches have successfully used EEG signals to classify the operator’s 
mental workload [2, 9, 11]. Their results indicated that the average rate of successful 
classification was over 80%. However, Farmer and Brownson [5] indicated that using 
EEG to classify mental workload was not practical since the collecting data was 
difficult to be analyzed and had high noise-to-signal ratio. Furthermore, the 
equipment required to calibrate to each individual and be operated by trained person. 
Therefore, it is not suitable for using in the real field.  

The purpose of the present research is to develop a real-time, non-intrusive mental 
workload predicative model by using Group Method of Data Handling (GMDH) to 
integrate seven physiological indexes into a synthesized index. Comparing this index 
with a performance level set by supervisor, if the value of the synthesized index was 
lower than the setting performance level, the early warning system would be started to 
alert the operators to adjust their workload. The physiological indexes used in this 
study were parasympathetic/sympathetic ratio (LF/HF) (X1), heart rate variability 
(HRV) (X2), heart rate (X3), diastolic pressure (X4), systolic pressure (X5), eye blink 
frequency (X6), and blink duration (X7). 

2   Method 

2.1   Subjects 

Fifteen paid NTHU graduate students participated in this experiment. All of them had 
normal eyesight and good health. The mean age of the participants was 24 years. 

2.2   Apparatus 

Meditech ABPM-04 ambulatory blood pressure measuring device was used to 
measure the heart rate and blood pressure (Systolic Pressure and Diastolic Pressure). 
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ANSWatch TS0411 was used to measure Heart Rate Variability (HRV) and Para-
sympathetic/Sympathetic Ratio (LF/HF). Face lab version 4.0 was used to measure 
the blink frequency and blink duration.  

2.3   Procedure 

Prior to the experiment, the subject took a 15-minute rest, and then wore the 
measurement apparatus and proceeded with Face Lab adjustment. The initial 
physiological indexes were taken as a base line before the experiment. After the 
adjustment and measurement, the experimenter illustrated the experimental task and 
instructed the participant how to operate the system. The participant took about 30 
minutes to practice the control procedure and familiarize with location of information 
display. There were three phases simulated the mental workload of secondary task 
from heavy, median to low. The subject simultaneously executed the primary tasks 
and the secondary tasks. The primary task was to shut down the reactor following the 
procedure of “shut down cooling model” provided by the Institute of Nuclear Energy 
Research (INER) (see Fig. 1). The shut down procedure was to decrease the power by 
inserting the nuclear rods or adjusting the core flow rate by turning off the pump. The 
secondary tasks were to complete a series of mathematical comparisons at each phase. 
The different mental workload levels of the secondary task were designed by different 
mathematical calculation. The tasks were presented in four monitors except the Face-
Lab monitor interface, and their layout was showed in Fig. 2 The physiological 
indexes (LF/HF, HRV, heart rate, diastolic/ systolic pressure, blink frequency and 
blink duration) were measured prior to experiment and during each phase, and the 
NASA-TLX questionnaire was conducted after each phase. Each phase lasted for 
about thirty minutes. The seven physiological indexes were transferred into individual 
difference and acted as input variables for the model development. The performance 
of secondary task was evaluated by the error rate of the number comparison. The 
subjective mental workload was rated by the NASA-TLX score after each phase.  

 

Fig. 1. The power and flow monitor interface 
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Fig. 2. The control interface screen layout 

2.4   Analysis 

The error rate of the series of mathematical comparisons at each phase was collected 
to compare with the corresponding scores of NASA-TLX questionnaire. The higher 
score of NASA-TLX questionnaire reflected higher level of mental workload during 
experiment. Correlation between the performance of secondary task (error rate) and 
the evaluation of subjective mental workload was analyzed by the Statistical Products 
and Services Solution (SPSS). 

Group Method and Data Handling (GMDH), one of the well-know neural network 
methodologies, was applied to develop the predicative model. GMDH was developed 
in 1971 [12] and is one of the exact prediction methods in last decade. The GMDH 
algorithm has been widely used in various fields such as education [13], business, and 
vehicle factory [14]. This study investigated the relationship between seven 
physiological indexes and mental workload. These physiological indexes (X1~X7) 
were collected as input variables and then created a model to predict different degree 
of mental workload.  

3   Results 

All participants finished their primary task before time limitation and met the 
requirements set by INER; hence, differences in mental workload would be reflected 
by the performance of the secondary task. 

3.1   Correlation Between Secondary Task Performance and Subjective Mental 
Workload 

The relationship between the subjective mental workload and performance of 
secondary (error rate) is shown in Fig. 3. In general, the directions of two trend lines 
of error rate and subjective mental workload were definitely the same. Almost all 
subjects made fewer errors and rated lower score of NASA-TLX questionnaire as the 
secondary task becomes less complex. 

The analysis of Pearson-product moment correlation was used to examine the 
relationship between secondary task performance and NASA-TLX subjective mental 
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workload as shown in Table 1. It indicated that the error rate and the subjective 
mental workload were positively correlated with each other. The correlation 
coefficient of 0.691 was found to be statistically significant at p < 0.01. 

As a result, an increasing number of the error of secondary task in the appearance 
implied that subjects felt heavier mental workload. In contrast, the better performance 
of secondary task meant that the subject felt lower degree of mental workload. 

 

Fig. 3. The relationship between two dependent variables 

Table 1. The analysis of Pearson-product moment correlation 

Error rate of Score of subjectiveCorrelations
the secondary task mental workload

Error rate of
the secondary task

Pearson Correlation 1 0.691 a

Sig. (2-tailed) — 0.000
N 45 45

Score of subjective
mental workload

Pearson Correlation 0.691 a 1

Sig. (2-tailed) 0.000 —
N 45 45

a Correlation is significant at the 0.01 level (2-tailed)  

3.2   Model Establishment 

Seven physiological indexes, including LF/HF (X1), HRV (X2), heart rate (X3), 
diastolic pressure (X4), systolic pressure (X5), blink frequency (X6), and blink 
duration (X7) were transferred to the forms of variability ranging from -1 to 1. The 
accuracy (Y) was to evaluate the performance of the secondary task. 

The data X1~X7 were used as inputs in the network system to get an output Y 
where the output Y is a value from 0 to 100 (percentage of accuracy). Group Method 
of Data Handling (GMDH) was used to establish model of early warning system. 



 A Mental Workload Predicator Model for the Design of Pre Alarm Systems 321 

Thirty-nine data (thirteen subjects) were used to construct the model using NeuroShell 
software. 

The result indicated that all factors of X1~X7 significantly affected the accuracy of 
the secondary task performance. Also, given the values for X1~X7, a model of 
performance was yielded and expressed by the following equation: 

Y = 4.5X6-33X4+87-14X3-0.52X1+79X7+590X3
2-220X4

2-120X7
2-

1900X3
3+1100X4

3 - 270X3X4+840X3X7+18X2
2-34X6

2-
7.1X2

3+6.1X2X6+130X4X7-39X1X5   
(1) 

In equation (1), MSE of the model was 9.04 and R square of the model was 0.84. 
Such equation was expected to provide supervisors/operators a reference value of 
performance (Y) by giving inputs X1~X7. 

For validation, 6 data (2 subjects) were taken into the model. The relational 
information was described in Table2. In this model, the six estimated values were 
very close to the real values and all fell in the 95% confidence interval. Therefore, the 
model was suitable and accurate to estimate the performance. 

Table 2. Model validation 

 

4   Discussions 

4.1   NASA–TLX Mental Workload and the Performance of Secondary Task 

The NASA–TLX subjective mental workload assessment showed a significant 
correlation with the different level of mental workload of secondary task. For almost 
all subjects, the highest NASA–TLX scores occurred in the heavy mental workload 
whereas the lowest scores happened in the low mental workload. This result was not 
only consisted with the previous studies [15, 16] but also confirmed that the tasks 
used in this experiment could distinguish the different level of mental workload.  

4.2   Physiological Indexes 

From literature review, it could be found that some physiological indexes were 
significantly affected by the mental workload. The physiological indexes measured in 
this experiment included heart rate, heart rate variability, blood pressure (systolic 
pressure and diastolic pressure), parasympathetic/sympathetic ratio (LF/HF ratio), 
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eyes blink frequency and eyes blink duration. The experimental result showed that 
most of the participants’ heart rate and LF/HF components increased when the mental 
workload increased. On the contrary, the heart rate variety (HRV) decreased when the 
mental workload increased. These findings were consistent with some previous 
studies [6; 17]. Aside from these, many participants’ blood pressure was not increased 
as the mental workload increases. This was not consistent with the previous studies 
[6; 18]. The possible reason could be that the mental workload of this experiment was 
not high enough to affect the blood pressure change. The experimental result also 
showed that most of the participants’ eyes blink duration was shorter and eyes blink 
frequency was fewer during high mental workload than during low mental workload. 
These findings were also similar to many previous studies [17, 18, 19]. The reason 
could be the participants paid more attention on the interface during high mental 
workload phase than during low mental workload phase; hence, the activities of eyes 
(eye blinking frequency and duration) were lower during high mental workload phase. 

5   Conclusions 

This study developed an early warning model allowing the operators/supervisors to 
monitor operators’ mental workload by physiological indicators. Comparing the 
synthesized index with the performance level set by supervisor, the early warning 
system could be commenced to alert the operator while the synthesized index was 
lower than the setting performance level. For further applications in different fields 
such as nuclear power plant, flight, aviation, air transportation control, driving and 
radar vigilance, etc, more data or physiological indicators are needed to train or add to 
this model. 
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