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1. Introduction 

 
The main role of the human operators in main control 

rooms (MCRs) of nuclear power plants (NPPs) is 

generally to supervise and operate the system. The 

operator’s tasks in NPPs are performed through a series of 

cognitive activities: monitoring the environment, detecting 

data or information, understanding and assessing the 

situation, diagnosing the symptoms, decision-making, 

planning responses, and implementing the responses [1]. 

In NPPs, there are a lot of information sources that should 

be monitored but the operators have only limited capacity 

of attention and memory. Because it is impossible to 

monitor all information sources, the operators 

continuously decide where to allocate their attentional 

resources. This kind of cognitive skill is called selective 

attention. In order for operators to effectively monitor, 

detect, and thus understand the state of a system, the 

operator should allocate their attentional resources to 

valuable information sources. Hence, the effectiveness of 

selective attention is expected to be able to reflect the 

effectiveness of monitoring, detection, and eventually 

understanding. In this study, an attentional resources-

effectiveness measure is proposed which based on cost-

benefit (or resource-effectiveness) principle. 

 

2. An Attentional Resources-effectiveness Measure 

 

The stages of information processing depend on mental 

or cognitive resources, a sort of pool of attention or 

mental effort that is of limited availability and can be 

allocated to processes as required [2]. Through selective 

attention, one can effectively perceive or understand the 

state of the environment. When an abnormal or accident 

situation occurs, operators usually first recognize it by the 

onset of salience such as alarm or deviation in process 

parameters from the normal condition. Then, they develop 

their situation awareness or establish their situation model 

by selectively attending the important information sources. 

The maintenance of their situation awareness or 

confirmation of their situation model is accomplished by 

iterating the selective attention. How effectively operators 

allocate their attentional resources to valuable information 

sources can be measured by applying cost-benefit 

principles, which is translated to resource-effectiveness 

principle. Two principles appropriately interpreted from 

cost-benefit analysis provide the foundation for the 

resources-effectiveness evaluation [3-5]. The first 

principle is that the measure of the resource-effectiveness 

is the relative attentional resources spent on an 

information source divided by the relative value (or 

importance) of the information source. The ratio is the 

basic attentional resource to the value of the information 

sources ratio (AVR), as follows; 

 

nInformatio  of Value  Relative
Resources  lAttentiona  RelativeAVR =                        (1) 

 

In this study, this AVR is more specified with some 

practical measures. The number and duration of eye 

fixation on information sources are considered as the 

attentional resources. The relative importance of the 

information source for the relevant task is considered as 

the value of the information source. Consequently, Eq.(1) 

is transformed into Fixation to Informationanal 

importance Ratio (FIR), as follows: 

 

Importance nalInformatio  Relative

Fixation Eye oftion Nuber/Dura  Relative
FIR =

            (2) 

 

The second cost-benefit principle is that to maximize 

the resource-effectiveness, the relative attentional 

resources (e.g., # or duration of eye fixation) should be 

equal to the relative value of information source (e.g., 

informational importance). Consequently, the AVR or FIR 

should be unity in order to maximize the resource-

effectiveness. The number or duration of the eye fixation 

can be obtained from an eye tracking system. The relative 

informational importance can be obtained using the 

Analytic Hierarchy Process (AHP) [6] based on the 

dynamics of the relevant NPP. 

 

 
Figure 1. Setting up the hierarchy 
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It is generally accepted that information sources 

changing most frequently and likely to change give the 

greatest information. In this study, the attribute 

representing “the frequent change of the source” is 

referred to as “informative salience” and the attribute 

representing “the likelihood of the change” as 

“informative evidence”. Hence, the hierarchy of 

informational importance can established as shown in 

Figure 1. 

 

4. Application & Results 

 

Eye fixation data obtained from an experiment with 

FISA-2 simulator during diagnostic tasks are used to 

investigate the feasibility of the proposed measure. Data 

from 2 subjects (high expertise level and low expertise 

level) are used for comparative purpose. Diagnostic tasks 

such as LOCA, SGTR, SLB, and FLB are randomly given 

to the subjects. The values of the informational 

importance of indicators in each of the accidents are 

described in Table 1.  

 

 
Table 1. Subjects Information 

 

The FIRs for the information sources are calculated 

with the informational importance and the eye fixation 

data. An example in the case of LOCA and the high 

expertise subject (HES) is shown in Table 2.  

 

 
Table 2. An example result of FIRs 

 

Theoretically FIRs should approach 1 for the best 

effectiveness. Hence, to investigate the effectiveness, the 

difference between FIR and unity are calculated, which 

are represented as the absolute values of (FIR-1). The 

absolute values should therefore approach zero. The lower 

the absolute values are, the more effective the selective 

attention is considered as. The averaged values of the 

absolute values over the indicators are summarized in 

Table 3. The subject with high expertise shows better 

effectiveness in the selective attention in all cases. 

  

 
Table 3. The attentional resources- effectiveness 

results 

 

 

4. Discussions and Further Study 

 

Generally, the subject who has good mental model 

(high expertise) is expected to more effectively monitor 

and detect the state of a relevant system than a subject 

who has bad mental model (low expertise). The proposed 

measure is though to be able to reflect this characteristic 

and thus to represent the attentional-resource effectiveness 

in the monitoring and detecting tasks. By applying the 

resource-effectiveness principle, we can provide some 

advice or recommendation about subjects’ monitoring and 

detection pattern based on the resource-effectiveness 

principle (FIRs → 1) and thus trained as well. For 

example, In Table 2, the subject is recommended to shift 

his attention to the S/G(B) indicator based on the 

resource-effectiveness principle (FIRs → 1). As a further 

study, an experiment will be followed to validate the 

proposed measure. 
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