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Abstract. The increasing use of digitalized displays in the instrumentation & 
control systems of nuclear power plants has brought new issues related to hu-
man-computer interaction, especially under emergency circumstances that are 
known to be very stressful. This paper studies how interfaces with different  
information organization (functional layout vs. process layout) influence hu-
man-computer interaction behaviors as emergency occurs in terms of search ef-
ficiency, difficulty of information abstraction, and workload by using the eye 
tracking technique on a simulated platform. The result shows that the average 
blink rate and average blink numbers at the two levels of information organiza-
tion were different significantly. This may indicate that the functional design 
was superior to the process design in user workload. The results did not prove 
the superiority of the functional interface design to the process one in search ef-
ficiency and difficulty of information abstraction, since no significant differ-
ence was found in the number of fixations and fixations duration mean values. 

Keywords: Functional based task analysis, Information organization, Eye 
tracking. 

1 Introduction 

The Fukushima Daiichi nuclear power plant (NPP) Accident in 2011 raised again 
great public concern about the nuclear safety, after 2 decades since Chernobyl Acci-
dent. Tsunami and earthquake which directly resulted in Fukushima Daiichi nuclear 
accident is far beyond human’s ability, while most accidents in safety-critical indus-
tries so far are caused by human errors. More than 90% accidents in NPPs, 80% ones 
in the chemical and petro-chemical industries, and over 70% of aviation accidents 
were caused by human errors (Adihikari et al., 2008). 

It is therefore reasonable to focus on operators and their behaviors. In a NPP, the 
main control room (MCR), as a core part of the system, is expected to provide appro-
priate information and human-machine interface to facilitate operators’ behaviors. 
The past decades have witnessed remarkable upgrades in MCRs, including its layout, 
devices and design concepts.  

Conventional buttons, switches, and other analog equipment are gradually re-
placed, which is a prime improvement in MCRs. In NPPs of new generation like AP 
1000, digital displays are extensively used. Such transform on the one hand caters to 
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the trend of technology advance, improving the safety and reliability of the systems; 
on the other hand, it brings high information burden, tedious interface management 
tasks, and other new problems (Kim & Seong, 2009). For this reason, designing a 
good digital interface in MCRs, which meets the task demand and the physical and 
psychological characteristics of operators, is of necessity. Several design philosophies 
have been put forward, for example, ecological interface design (EID) and ‘User-
centered design’. EID is based on two conceptual tools: the abstraction hierarchy and 
the skills, rules, and knowledge (SRK) taxonomy (Rasmussen, 1985). Review by 
Vicente (2002) can be referred to for specific instruction of EID. In the user-centered 
approach, task analysis is a key tool used widely to analyze user needs. What distin-
guishes EID from the user-centered approach lies mainly in the difference between 
abstraction hierarchy and task analysis.  

The Function-Based Task Analysis (FBTA) proprietary to AP 1000 NPPs is one 
kind of task analysis. It breaks down goals in different levels according to their cor-
responding functions, providing which task information should be presented in the 
NPP interfaces. Wu et al.(2012) introduced FBTA in detail. Besides, in Wu’s (2012) 
study, the functional display based on FBTA seemed better help understand system’s 
operating status, ease the workload, while process displays helped the participants 
understand NPP’s structure and working principles better. However, Wu’s functional 
displays differ from the process displays principally in three aspects: information 
organization, information presentation and component representation. No research so 
far demonstrates which aspect influences the interaction and that to what extent the 
influence can be. This study aims to explore how interfaces with different information 
organization could influence human-computer interaction behaviors in terms of search 
efficiency, difficulty of information abstraction, and workload.  

When users interact with an interface for a specific goal, they observe the interface, 
and articulate the desired task goal into input language. Since the observation and 
articulation are both cognitive behaviors, performance in the two processes is hardly 
measured directly. This study used eye tracking techniques to evaluate search effi-
ciency, difficulty of information abstraction, and workload, which are supposed to 
reflect human cognition behaviors (Richardson & Spivey, 2004).  

It is hypothesized in this study that the functional design is superior to the process de-
sign. Specifically, the functional design is supposed to possess higher search efficiency, 
less difficulty of information extraction, and less workload than the process one. 

In the rest of this paper, Section 2 introduces the methodology of study, and Sec-
tion 3 presents the results. Discussion and conclusions are presented separately in 
Sections 4 and 5. 

2 Methodology 

2.1 Independent Variables 

The independent variable, information organization, has two levels: functional inter-
face and process interface. Figure 1 illustrates the functional interface based on 
FBTA, and Figure 2 illustrates the process interface. 
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where average pupil sizes X and Y refer to the diameters of a pupil on X and Y axis, 
respectively, PS measured in Formula (2) is the result of Formula (1), PS baseline 
refers to the pupil size when a participant relaxes his eyes before the experiment, and 
t1 and t2 refer to the beginning and end of the time window, respectively. 

Number of Fixations per Route: Goldberg & Kotval (1998) demonstrated that the 
number of fixations was correlated negatively to search efficiency. Among the eight 8 
routes in the EOP, four were nine-step routes while the rest were shorter routes. Since 
only successful long routes were analyzed later, the participants might accomplish 
different numbers of the long routes successfully at the two interface levels. There-
fore, the number of fixations per route was calculated for the two interfaces. 

Fixation Duration Mean: This indicator was chosen because the fixation duration 
mean was reported to be correlated positively to difficulty of information abstraction 
in Goldberg & Kotval (1998). 

2.3 Participants 

Web advertisements were used to recruit participants. There were 18 male students 
aged from 19 to 28 (mean= 21.9, SD = 5.8) studying engineering programs at Tsing-
hua University were recruited as participants.  

The participants were required to have normal vision or to wear no more than 3 di-
opters glasses. Contact lenses were not allowed, due to the use of an eye tracker. They 
were informed about the details of the experiment protocol and voluntarily signed the 
informed consent form before the experiment proceeded. 

2.4 Apparatus 

The experiment scenario was showed in Figure 4. The headband-mounted eye tracker 
in this experiment comprised with eye- and scene camera assembly which was less 
than 80 grams. When a participant wore the eye tracker, the position (left or right) of 
eye- and scene camera in the front of the hat was adjusted according to the dominant 
eye of the participant. The eye tracker was lightweight so that it was low invasive 
relatively. Besides, a notebook PC specifically connected to the eye tracker was used 
for data collection and analysis via a piece of dedicated software. 

 

Fig. 4. Illustration of experiment apparatus 
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2.5 Training and Pilot Study 

To obtain stable operation data, the participants were trained for 2~3 hours to be fa-
miliar with the system operation. In the formal test session, all participants were asked 
to execute the same emergency operating procedure using the two interfaces separate-
ly. The eye tracker and its accompanied software collected data of pupil sizes, fixation 
numbers, fixation durations, blink numbers, and so on. 

As a key parameter for data processing, fixation threshold is highly dependent on 
specific tasks. Therefore, a pilot study was conducted among 5 participants to sepa-
rate fixation from scanning. The fixation threshold was set at 200 ms consequently. 

2.6 Data Analysis 

Among the 18 participants, 2 participants adjusted the head-mounted eye tracker arbi-
trarily and so the calibration was not accurate, thus their data was eliminated. The 
data of successful long routes of the rest 16 participants were selected for further 
analysis. All the data of blink number per route, fixation number per route, percentage 
change of pupil size passed the test of normality. Data for blink rate per minute and 
fixation duration mean did not pass the normality test. However, for two interface 
levels, their difference passed the test of normality. Therefore paired t-test with a 
significance level of 0.05 was adopted for analysis. 

3 Results 

The results of paired-samples test of the five variables are given in Table 1.  

Table 1. Paired Samples Test Results 

Variables Mean SD t Sig. (2-tailed) 
Blink number per route 3.2 3.94 3.265 0.005 
Blink rate per min 3.26 4.333 3.012 0.009 
Fixation number per route 1.8 11.09 0.650 0.525 
Fixation duration mean 0.0005 0.0379 0.049 0.962 
Percentage change of pupil size -0.004 0.067 -0.228 0.823 

It can be seen from Table 1 that significant difference existed in blink number per 
route (t=3.265, p=0.005) and blink rate per minute (t=3.012, p=0.009) between the 
two interfaces. However, no significant difference was found in fixation number per 
route, fixation duration mean and percentage change of pupil size.  

4 Discussion 

When the participants performed the experimental task, the blink rate when using the 
functional interface was significantly lower than that when using the process inter-
face. It indicates that functional interface based on FBTA led to lower workload sig-
nificantly than the process interface. For the variable APCPS which was supposed to 
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measure workload as well, however, there was no significant difference between the 
two interfaces. Wang (2011) points out that APCPS may interact with fatigue, nerv-
ousness, and other factors, and suggests that APCPS should not be used exclusively. 

Number of fixations per route and fixations duration mean showed no significant 
difference between the two interfaces. This may reveal that the functional interface 
could not provide higher search efficiency and less difficulty of information abstrac-
tion than the process interface. Such non-significance can be explained by several 
reasons.  

First, the experiment task may limit the superiority of functional interface in search 
efficiency. Components with similar functions were organized together in the func-
tional interface, while similar components may be distributed in the process interface. 
If a task require a participant to locate a component, the participant can easily locate 
the region of the component, but then has to carefully check it out of other compo-
nents with similar functions in the functional interface, while they may spend more 
time in locating the rough position of the component, but then need to spend little 
time in finding its exact position in the process interface. Therefore, the difference of 
the overall search efficiency when using the two interfaces may be not significant. 
Second, the performance difference between the two interfaces in terms of search 
efficiency and difficulty of information abstraction may be lessened after the partici-
pants were adequately trained. In this study, the participants were trained for 2~3 
hours. The significance of performance difference may become too small to be de-
tected with the limited sample size. 

5 Conclusion 

The influence of interfaces with different information organization on human perfor-
mance in a simulated EOP task was studied. The findings from this study revealed the 
importance of designing an appropriate interface for EOP and similar tasks. 

The experiment results show that the functional interface based on FBTA was su-
perior significantly to the process interface in user workload. This advantage is of 
importance. In main control room of nuclear power plants, especially when executing 
emergency operations, operators are subjected to high pressure. The functional design 
can reduce workload and may thus further reduce human errors. The results did not 
prove the superiority of the functional interface to the process one in search efficiency 
and difficulty of information abstraction, since no significant differences were found 
in the number of fixations per route and fixations duration mean values.  

There were some limitations in this study. (1) that the use of student participants 
may limit the generalization of the conclusions from this study. (2) The sample size 
was relatively small.  
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