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A Cognitive Information Processing Model Incorporating

Mind and Body States*

YINHUA JIN

Abstract

Owing to the recent progress in instrument and control technologies, many plant
operator tasks have been automated. However, plant operators usually monitor plant
states through CRT monitors and have to make appropriate decisions when an abnormal
situation is predicted or detected. Plant operators tend to be inattentive if nothing
occurs, so they may fail to notice warning signs on the panels. Some operators tend
to be nervous in the face of an emergency, so they may fail to judge the situation
correctly. Plant operators are prone to make various types of human errors in actual
plant operations, and as systems become larger, losses and damage can be great, if an
accident occurs. To combat this problem, we have developed a cognitive information
processing model to simulate a plant operator’s behavior under abnormal situations
and have applied this model to analyze the human error mechanism.

Our operator model represents the limited characteristics of humans in plant opera-
tions, we can visualize various models for specific purposes. In this study, the operator
model was built with reference to Card’s information processing model. The model
comnsists of a perceptual processor, a cognitive processor, a motor processor, in addition
to a working memory and a long-term memory. We evaluated the operator model by a
simulation study using an industrial boiler plant training simulator. The results showed
that the developed model can handle eight malfunctions in the training course. Human
operator’s characteristic of time was realized by the operator model.

The operator’s behavior, mental state, and the plant situation influence each other in

a complex manner. Therefore, it is necessary to analyze the influence of the dynamic

* Doctoral Thesis, Department of Information Systems, Graduate School of Information Science,
Nara Institute of Science and Technology, NAIST-IS-DT0061029, March 24, 2003.
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environment on human factors. So we added the mental state, fixation point and
cognizable field to the previous model to develop a cognitive information processing
model incorporating mind and body states. The performance of each processor and
memory depends on the parameter. This operator model is used to analyze various
types of human errors and to study how to cope with these human errors. The human
error mechanism is analyzed not only when the human error is caused by a specific
factor, but also when various complex factors affect it.

This thesis consists of seven chapters. Chapter 1 introduces a few typical operator
models, describes the characteristics of human operators’ behaviors observed during
simulator training for emergency operation, and the purpose of this study. Chapter 2
considers human errors based on the causes, events and consequences. Chapter 3 de-
scribes the simulated plant operation environment for this study. Chapter 4 describes
the construction of the information processing model developed for the first time in
this study, and also includes results of the model’s simulation experiment. Chapter
5 describes the cognitive information processing model incorporating mind and body
states, and the movement history of this model recorded for proving its appropriateness.
Chapter 6 analyzes the mechanism of operators’ human errors using the developed op-
erator model. Chapter 7 presents concluding remarks and outlines future development

of this study.

Keywords:

CRT operation, operator model, mental state, fixation point and cognizable field, hu-

man error, real time simulation, HMI model, plant simulator
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B OOOODODOoOooooooooDo

ooooo (oooo (ooo | o XO |YODO | OO oooo
BFP1 gooo 1.32 oo 7.5 5.7 OFF | ON
BFP2 gooo 1.32 oo 7.5 13.5 | OFF | OFF
SV11 gooo | o oo 10.0 | 5.8 O ON
SV12 gooo | o RN 5.5 5.8 O ON
SVi13 gooo | o RN 7.6 8.5 O OFF
SV14 gooo | o oo 10.0 | 13.5 | O OFF
SV15 gooo | o oo 5.5 13.5 | O OFF
SV16 gooo | o oo 7.6 10.3 | O OFF
Svir gooo | o RN 185 | 9.5 O ON
F205 ogo 0.8 g 17.0 | 8.3 O 78.2
F206 ood 0.7 a 21.0 | 7.3 O 1.8
F207 ood 0.8 a 14.8 | 11.0 | O 80.0
L201 ogo 0.5 g 19.8 | 12,5 | O 0.0
P206 ogo 1.0 g 8.5 8.4 O 96.9
FOP1 gooo 1.32 oo 4.5 20.2 | OFF | ON
FOP2 gooo 1.32 oo 4.5 22.5 | OFF | ON
FOP3 gooo 1.32 RN 4.5 25.0 | O OFF
SVo1 gooo | o RN 18.0 | 20.1 | O ON
SVo02 gooo | o oo 18.0 | 22.1 | O ON
SVo03 gooo | o oo 18.0 | 24.0 | O ON
SVo4 gooo | o RN 18.0 | 25.8 | U ON
SVo5 gooo | o oo0 | 147 | 188 | O ON
SVo6 gooo | o oo0 | 147 | 206 | O ON
SVo7 gooo | o oo0o | 147 | 226 | O ON
SVo8 gooo | o oo0 | 147 | 245 | O ON
SVo09 gooo | o RN 14.5 | 270 | O ON
SV10 gooo | o RN 8.1 17.5 | O OFF
OILH gooo 1.0 RN 5.5 27.0 | O ON
F202 ood 0.7 a 11.5 | 26.0 | O 7.0
F203 ood 0.6 a 13.0 | 28.2 | O 52.3
P204 ogo 1.0 g 16.5 | 28.2 | O 3.9
P205 ogo 1.0 g 7.0 275 | O 12.8
P210 ogo 1.0 g 10.5 | 20.0 | O 7.5
T204 ood 0.7 a 9.8 28.0 | O 90.0
IDF googo | 3.2 g 35.8 | 22.0 | O ON
AILH gooo | 26.25 RN 31.0 | 240 | O ON
A201 ood 0.5 a 26.0 | 23.0 | O 2.7
A202 ood 0.8 a 277 | 23.0 | O 24.5
T206 ogo 0.7 g 30.0 | 225 | O 225.0
T207 ogo 0.7 g 32.0 | 225 | O 200.5
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ooooo (oooo (ooo | o X0 |YODO (OO (0000
SV19 gooo | o RN 33.0 | 7.2 O OFF
SV20 gooo | o ooo | 353 |95 O ON
Sva1 gooo | o oo 34.5 | 6.5 O OFF
SV22 gooo | o oo 343 | 124 | O OFF
M201 ogo 1.75 g 375 | 120 | O 80.0
F201 ogo 0.8 g 315 | 11.0 | O 80.0
T201 ood 0.8 a 29.0 | 11.0 | O 485.0
P201 ood 1.1 a 30.5 | 8.6 O 80.0
FDF googo | 3.2 g 34.0 | 25,5 | O ON
AILH gooo | 26.25 oo 31.0 | 240 | O ON
F204 ood 0.6 a 370 | 279 | O 51.5
T208 ood 0.7 a 30.0 | 27.0 | O 148.0
T209 ogo 0.8 g 32.0 | 27.0 | O 100.0
SV18 gooo | o oo 276 | 12.8 | O OFF
M203 gooo | o a 23.5 | 175 | O OFF
P202 ogo 0.7 g 17.5 | 13.5 | O 84.0
L1202 ooog | o g 17.5 | 14.0 | O 0.0
T203 ood 1.0 a 17.5 | 14.8 | O 298.4
DMP1 gooo 1.2 g 21.2 | 20.1 | OO ON
DMP2 gooo 1.2 g 21.2 | 22.1 | O ON
DMP3 gooo 1.2 g 21.2 | 24.0 | O ON
DMP4 gooo 1.2 a 21.2 | 25.8 | O ON
Firel gooo | 2.0 oo 23.0 | 20.1 | O ON
Fire2 googo | 2.0 RN 23.0 | 22.1 | O ON
Fire3 googo | 2.0 RN 23.0 | 24.0 | O ON
Fire4 gooo | 2.0 oo 23.0 | 25.8 | O ON
P203 ood 0.7 a 275 | 193 | O -10.0
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