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ABSTRACT: Usability evaluation is an important method used to ensure the information transmission efficiency of 

interface. Rough set is used to quantize the fuzziness question of interface usability evaluation, and build an evaluation 

model of interface usability with rough-set-grey analysis. Then combining with the fighter interface example, this paper 

expounds the interface usability evaluation method based on the combination of task deconstruction and the behavior 

performance test. Finally, from the point of cognitive psycho-physiology, the validity of new assessment method has 

been proved by brain electrophysiology experiment. 
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INTRODUCTION 

Digitalized Human-Computer Interface (short for DHCI) has been widely used in aircraft, ship, nuclear power plant, 

automobile and other industries [1]. Due to the large amount of information, the complex structure relationship of the 

system control interface [2], the availability of the interface has been greatly reduced, directly affecting the operator’s 

recognition, understanding and judgment of interface information. According to statistics, about 55% national civil 

aviation accident from 2007 to 2010 are caused by the interface usability problems which leads to the misunderstanding 

and miscalculation of the pilots [3], in 2011, man-made operation and error judgement of information monitoring 

system is also mentioned as one of an important cause of nuclear power plant accident in Japan’s Fukushima. Therefore, 

the study of DHCI usability evaluation has important practical significance.  

At present, the study of DHCI usability evaluation methods both at home and abroad have made many achievements. 

Grey theory and neural network method and fuzzy theory [4], because of its advantages in aspects of uncertainty factors, 

subjective evaluation, thus are applied to DHCI evaluation.  

Vnageas and other scholars [5] found that the fuzzy set theory was suitable for processing the fuzzy information system 

evaluation problem, of which the information was difficult to quantify, and after that it was applied in the evaluation of 

nuclear power plant interface [6], the DHCI design evaluation of automobile and other areas by many scholars; Wei 

Zongmin and others used the theory of fuzzy mathematics to establish the ergonomic evaluation system of aircraft 

cockpit DHCI evaluation system [7]; Harbin engineering university conducted study on quantitative evaluation method 

of DHCI interface of main control room in Nuclear Power Plants, and analytic hierarchy process was used to guide 

DHCI for improving the design [8]; Yu Kun used fuzzy analysis to carry on comprehensive assessment of 

human-machine interface of engine room monitoring display information in ship control center [9]. In addition, 

technologies such as ERP experiment [10], eye movement experiment, date envelopment analysis, weight making 

method and grey system were widely used in DHCI evaluation.  

Above all, DHCI usability evaluation methods can be roughly divided into subjective evaluation method, the objective 

evaluation method and physiological measurement, and it has made greater achievement, while it still has shortcomings: 

subjective evaluation method is more dependent on simple qualitative description and subjective judgment, however the 

credibility is not enough; Objective evaluation method is difficult to deal with uncertainty ambiguity problem of DHCI 

related with cognitive psychology; Physiological measurement is restricted by experimental conditions, and the 

experiment cost is high and the experimental procedure is complex.  

The cognitive psychologist Treicher has verified that 83% information obtained by human derives from visual sense 

through a lot of experiments [11], therefore, taking visual DHCI as the research object, this topic establishes a new 
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evaluation model of DHCI usability based on rough set and grey analysis method, and realizes comprehensive 

evaluation of DHCI usability through the behavior performance experiment based on task deconstruction method. 

TO ESTABLISH EVALUATION MODEL OF DHCI USABILITY  

The Theory Foundation of Rough Sets and Grey Analysis  

The grey correlation analysis, through examining the similarity or difference degree of each plan and ideal reference 

plan, realizes the evaluation and selection of several plans. And it helps people make decisions on selection problems 

which are uncertain and with multiple attributes, the data sample size is without strict requirements, and the calculated 

amount is small, and it has high practicality.  

However, the data used by grey correlation analysis is concrete value, and the subjective judgment of members in expert 

group is often fuzzy uncertainty, and even not consistent, so the concrete numerical value is difficult to describe the 

fuzzy data information. 

Therefore, this paper uses rough number and differential coefficient in order to cover the deficiency of grey correlation 

analysis. The rough number is proposed to quantify the user subjective feeling based on rough set theory, and it is finite 

set with lowest and highest limit, the distance of two rough sequence is expressed by differential coefficient.  

The usage of grey correlation analysis and rough number together has complementary advantage, and the theory of 

rough set can be used to quantify the fuzzy and uncertainty problems in evaluation process, establishing a new rough 

set gray analysis method.  

The Constructing Process of Usability Evaluation Model  

(1) To build initial decision matrix 

According to the definition of rough number, the rough number can be expressed as: 

      ,i i iRN X L X L X 
 

  (1) 

iX is a non empty finite set, and  iXL  is the lowest limit of iX , and  iXL  is the highest limit of iX
. 

 

The fuzzy number is used to express the fuzzy value of subjective evaluation, constructing initial decision matrix of 

fuzzy number:  
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Of which,  

ijij xx ,  is rough number, 


ijx  and 


ijx  represent the lowest limit and the highest limit respectively.  

(2) To determine the reference sequence  

Reference sequence is consisted of each index’s optimal score in all interface plans. When the index belongs to “benefit 

oriented”, select the maximum number of the index in all the plans as reference value; When the index belongs to “cost 

type”, select the minimum number of the index in all plans as reference value; When the index belongs to 

“self-defining”, specify the index number as reference value.  

The proportional data:     ij

n

i xjx 10 max  

The reverse ratio data:     ij

n

i xjx 10 min  

The self-defining data:   obj

jxjx 0  

Of which,  jx0  is the reference value under the jth evaluation index, 
obj

jx  is the self-defining value under the jth 

criterion. Then, the reference sequence of best ideal plan is as follow: 
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(3) To calculate difference coefficient 

According to the data type of each evaluation index (proportional data, the reverse ratio data and the self-defining data), 

differential coefficient is calculated. Differential coefficient is a “distance” between the measurement evaluation value 

and reference value, and it is also a rough number in the form of interval with the highest limit and the lowest limit in 

essence. Differential coefficient focuses on the partial performance of the interface plan, that is, the difference between 

the score of the interface plan on the index and its reference value, which reflects the difference degree of data sequence 

and the reference sequence of index plan under this index. If the differential coefficient of interface plan under certain 

index is much smaller, and it shows that the performance of interface plan on this index is more outstanding, meeting the 

demand of users.  

1) As for the proportional data, the calculation formulas of differential coefficient are as follows: 
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2) As for the reverse ratio data, the calculation formulas of differential coefficient are as follows: 
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3) As for self-defining data, there are two cases as follows:  

(1) If the target value is not included in the range of rough number, namely   ijij

obj

j xxx , , then it can be measured by 

the minimum and maximum distance deviating from the target value, the formulas are as follows:  
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(2) If the target value is included in the range of rough number, namely   ijij

obj

j xxx , , the formulas are as follows: 
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Differential coefficient matrix can be represented with the following formula:  
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The sequences with different initial values are conducted dimensionless processing in order to generate new sequences. 

According to the following formulas, the differential coefficient matrix can be conducted standard processing:  



Evaluating Digitalized Human-Computer Interfaces based on Rough-grey Analysis 

110 

 
 

 

























ij

n

i

ij

ij

ij

n

i

ij

ij

1

1

max

max
  (9) 

(4) To calculate difference index 

Difference index represents the difference degree of each index’s score sequence of each interface plan and the ideal 

reference sequence, existing in the form of rough number, the smaller the difference index is, the design plan will more 

closer to the best ideal solution.  

The calculation formula of differential coefficient is as follow: 

    ],[
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Of which, jW is weight of the jth standard,  


m

j

jW
1

=1.  

According to previous studies, the contribution of four usability evaluation indexes (completion rates, the time taken, 

error times and overall satisfaction) of human-machine interface evaluation is the same, therefore, W(j)(j=1,2,3,4)value 

is 0.25, the obtained DHCI usability evaluation model is shown as follow:  

    ]25.0,25.0[
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iE
 
is the comprehensive score of the ith interface plan after the weight. 

EVALUATION METHOD 

This paper, taking the air combat process of fighter plane as application example, carries on quantitative evaluation of 

fighter plane DHCI usability by using rough sets and grey analysis and behavior performance measurement method 

based on task decomposition. 

Task decomposition 

The usability evaluation of fighter plane DHCI is difficult to be conducted directly, so according to the simplified steps 

((inspection of engine, fuel tank inspection, flight navigation, radar tracking, electronic warfare and missile launch) of 

fighter plane’s combat in the air, the fighter plane DHCI can be decomposed into one to one correspondence 

subinterface (see Figure 1). 

The Experimental Design 

The test program adopts E-prime which is private development software for psychological test) to compile, and tested 

on personal computer with 3.0GHZ CPU, the interface is presented on 17 inches displayer with 1280×1024 resolution, 

and 92cd/m² luminance.      

This test adopts single task detection paradigm, with four usability evaluation indexes as evaluation index namely, the 

successfully completed steps X1, the reaction time X2 , the error times X3 and the overall satisfaction X4, to test 

sub-interface of each task separately, of which, the X1 and X4 are proportional data, and X2 and X3 are inverse ratio 

data. Each sub-interface is corresponding to three groups of tests, and the whole experiment includes a total of 36 groups 

test, appeared randomly. Each person uses about 12 minutes to complete the whole test. 
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Plan 1 

 
Plan 2 

 
Plan 3 

Figure 1. The corresponding interfaces of 6 decomposition tasks of fighter plane’s air to air combat. 

The subjects need to remember the mission requirements in advance, and then detect the sub-interface and conduct 

reaction operation in accordance with requirements. Test process is as shown in Figure 2, the subjects, after reading 

instruction, press any key keyboard to start testing. Firstly, in the middle of the screen, the fixation point joint spider 

presents for 1000ms, and then the judging mission statement is appearing, and after confirming remembering the task, 

the subjects click any key to continue, and after postponing for 1500 ms, and eliminating visual residual, the measured 

sub-interface is represented, the subjects, according to the interface visual information, determine whether mission 

statement is correct or not as soon as possible, and press A button for “yes”, and L button for “no”, and space key for 

“not knowing”. After the subjects giving response, the test goes for the next group. Firstly, four groups of practice test  

are carried on, after confirming no problem, click on any key for a formal test. After the test, the method of seven order 

likert measurement is used to conduct satisfaction survey. 

experimental 

instruction

Press any key to start 

the experiment
After remembering 

task, click any key

Postpone for 

1500ms

The task reaction 

item

After the subjects giving response, carry on the next mission

1000ms

Two enemy 

aircrafts 

appeared on the 

screen

 

Figure 2. The experimental process of fighter plane’s usability evaluation. 

The Subjects 

The test is performed in human factors and ergonomics lab of southeast university, the indoor lighting conditions is 

normal (40W fluorescent lamp). The background of computer screen is black, the distance between the subjects and the 

center of the screen is 550 ~ 600 mm. The subjects are 16 master and doctoral students at school, 8 males and 8 females, 

aged from 23 to 30, the vision or corrected visual acuity is normal without color blindness or color amblyopia. Before 

the test, the subjects are required to fill the relevant information on the registration form including name, gender, age, 

grade, major and vision, and the purposes, task flow and response requirements should be familiar by the subjects. 

THE RESULTS AND ANALYSIS 

Excluding the extreme data in the analyzed result, the obtained rough number score of fighter plane’s interface under 

each evaluation index of usability is as shown in Table 1, according to the definition of reference sequence, the ideal 

reference sequence X0=6, 42, 0, 7 is obtained. 
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Table 1. Decision matrix. 

The interface plan 

Assessment criteria 

C1 (step) C2 (second) C3 (time) C4 

Plan 1 [3, 5] [71, 140] [2, 4] [1, 4] 

Plan 2 [5, 6] [51, 75] [0, 2] [3, 6] 

Plan 3 [4, 6] [59, 88] [0, 3] [3, 5] 

Reference value 6 42 0 7 

Weight 0.25 0.25 0.25 0.25 

 

According to the formula 3 to 9, establish the differential coefficient matrix shown in Table 2 and standardized 

difference coefficient matrix shown in Table 3, finally, according to the interface evaluation model shown in formula 10 

and 11, calculate general score of each interface plan shown in Table 4. Seen from Figure 3, the difference index of plan 

2 is the lowest, suggesting the lowest difference and highest similarity with the ideal reference plan, and it is selected as 

the final design plan for further designing and subsequent development. 

Table 2. The differential coefficient matrix. 

The interface plan 
Evaluation criterion 

X1 (step) X2 (second) X3 (time) X4 

Plan 1 [1, 3] [29, 98] [2, 4] [3, 6] 

Plan 2 [0, 1] [9, 33] [0, 2] [1, 4] 

Plan 3 [0, 2] [17, 46] [0, 3] [2, 4] 

Table 3. Standardized difference coefficient matrix. 

The interface plan 
Evaluation criterion 

X1 (step) X2 (second) X3 (time) X4 

Plan 1 [0.33, 1.00] [0.30, 1.00] [0.50, 1.00] [0.50, 1.00] 

Plan 2 [0.00, 0.33] [0.09, 0.34] [0.00, 0.50] [0.16, 0.67] 

Plan 3 [0.00, 0.67] [0.17, 0.47] [0.00, 0.75] [0.33, 0. 67] 

Table 4. The general score of fighter plane interface plan. 

The interface plan Plan 1 Plan 2 Plan 3 

Difference index [0.41, 1] [0.06, 0.46] [0.13, 0.64] 
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Figure 3. The difference index of plane interface plan. 
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THE VERIFICATION OF BRAIN ELECTRICAL PHYSIOLOGICAL EXPERIMENT  

When the feedback assessment of subject is not consistent with expectation, it will induce negative component of ERP 

-FN at the front of frontal lobe (the three poles of FPZ, FZ and FCZ of corresponding electrode cap) after about 250ms.  

According to this principle, the subjects carry on visual perception of the two interfaces presented at the same time, the 

inner consciousness will produce a judgment, the result will reflect on the brain wave: if it is not agree with the 

evaluation language appearing later in significance, FN appears, whereas, FN will not appear.       

Through the analysis of the overlaid electroencephalogram of subjects of certain samples, if FN is produced, it proves 

that the two solutions have obvious difference, the greater the amplitude is, and the greater the difference is, so as to 

realize the advantages and disadvantages comparison of the SA perceptibility of two interfaces.   

According to Eprime test results and the subjective feedback of subjects, it can be concluded that the availability of plan 

1 is significantly worse than that of plan 2 and 3, therefore, only select plan 2 and 3 to carry on verification of brain 

electrical physiological experiment.  

The Experimental Task 

The subjects sit in the quiet, closed EEG/ERP laboratory with mind and body relaxing, and the distance between the 

eyes and the computer screen is 550 ~ 650 mm, the experiment contains observation task and execution task (namely 

response-stimulus task).  

Using the experimental paradigm as shown in figure 4, each trial starts to appear joint spider in the center of the screen 

and last for 1000 ms, reminding the subjects to pay attention; Then the observation task is carried on, and the screen 

appears the two sub-interfaces of same task in plan 2 and 3(the order of right and left is random, one each time), 

according to the reminder of task, after remembering the better usability interface, click the blank space key; then black 

screen appears and lasts for 2000 ms, in order to eliminate residual vision and remind the subject to response; Finally, 

one of the two interfaces appears as response stimulations, and check whether the subject’s judgment is consistent with 

the unforgotten target interface, and click button A if yes, and click button L if no, and ask subjects to response as soon 

as possible. The two interface plans have six task sub-interfaces, forming a total of 12 trials. They are presented on 17 

inches displayer with 1280×1024dpi resolution and 92cd/m² luminance. First, we conduct four practice trials, and after 

no problems, click any key for a formal trial. 

Remind to pay 

attention

remember the target 

subpages

observe the 

task

To eliminate visual residual 

and focus attention

response and simulation 

interface

perform task1000ms 2000ms
 

Figure 4. Electroencephalogram experiment paradigm. 

The Subjects  

16 (8 males and 8 females) master and doctoral students participate in the psychological experiments, the average age is 

25, sound in body and mind, without the history of mental illness, right handedness and normal vision or corrected 

vision. The subjects are carried on training and test of fighter task, ensuring fully understand of the availability of 

interface plan before the experiment.  

Data Record and Analysis 

The NeuroScan ERP workstations and the 64 conductive cap extended according to the international 10-20 system are 

adopted to record ERP signal, and average value of bilateral mastoid are taken as reference, recording all the electrode 

and referring to reference electrode located in the left mastoid, and refer to the effective electrode located in the right 

mastoid again when conducting offline analysis, and minus the 1/2 signal recorded by the reference electrode in the lead 

signal. At the same time, horizontal electrooculography and vertical electrooculography are recorded. The impedance 
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between the electrode and scalp is less than 5 k Ω, the smoothing bandpass is 0.05 ~ 70 Hz, AC sampling frequency 

1000 Hz/guide.  

Analyzing the ERP data offline, first eliminate invalid waves which drift badly and its fundamental wave is clear, and 

use eye movement rectification method to revise ocular artifacts. Through 30 Hz low-pass filtering, the wave amplitude 

of artifact signal greater than ±70μv is eliminated, according to the interface plan, calculate average value, and retain the 

data in the first 100ms and last 800ms before stimulation. Finally, merge all data of electroencephalogram subjected.    

From the brain topographic map in the right side of Figure 5, the thinking activity degree of the front and middle parts of 

frontal areas in plan 3 is obvious higher than that in plan 2, conforming to the brain region position of FN. From the 

electroencephalogram in the right side of Figure 5, the response and stimulation appears in the last 200 ~ 250 ms, 

distinct FN is induced by the electrode FPZ, FZ and FCZ of the front and middle parts of frontal areas in plan 3, 

suggesting that the plan 3 is inconsistent with the subject’s expected interface plan with better usability; Instead, each 

task interface in plan 2 induces small FN or not, and it means that the plan 2 is basically consistent with the expected 

interface plan with better usability. The FPZ, FZ and FCZ behavior data of two plans are carried on variance analysis, 

FFPZ = 30.18, p < 0.01; FFZ = 28.31, p < 0.01; FFCZ = 20.09, p < 0.01, the results show that the caused 

electroencephalogram data on the above electrode in the two plans exists significant difference. 

 

EEG BEAM

Program 1 Program 2

Reaction stimulate interface is program 1

Reaction stimulate interface is program 2
 

Figure 5. The electroencephalogram and brain electrical activity mapping of the front and middle parts of frontal lobe. 

In conclusion, the plan 2 is better than plan 3 in usability, and it is the same with the evaluation result of fighter DHCI 

with the new method presented in this paper, from the perspective of human brain electrical physiological, the validity 

of usability evaluation method in this paper has been verified.  

CONCLUSION 

Firstly, the rough set and grey analysis theory is applied in DHCI evaluation field, and difference coefficient and 

difference index have been put forward to quantify the fuzzy problem in the DHCI evaluation, establishing evaluation 

model of interface usability eventually.     

Secondly, according to the task, decompose the DHCI, and new behavior performance measurement experimental 

paradigm is adopted to realize evaluation of the four indexes of the interface usability.  

Thirdly, combining with the fighter interface example, apply the interface usability evaluation model and the behavior 

performance measurement method comprehensively to realize quantitative comprehensive evaluation, and its validity is 

verified by the electroencephalogram experiment.  
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