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Abstract 
A usability assessment is now widely recognized as critical to the success of interactive interface 
design including web design. In this paper, our research team used a variety of different bio-
signals such as Electroencephalogram (EEG), Electrocardiogram (ECG), and Electromyogram 
(EMG) to evaluate individuals’ emotional reactions to different web interface designs. At the same 
time, we conducted typical usability testing of the same web interface design to compare the 
results of these two methods, and conclude whether usability testing using bio-signals is a good 
method to use for web evaluation.     
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On the web, usability plays a crucial role in user experience and is emphasized above anything 
else. It is an inherent design character and requirement, and closely related to various user errors 
(Rexfelt and Rosenblad, 2006; Latorella and Prabhu, 2000; Gramopadhye and Drury, 2000). Thus, 
usability testing is essential to create a well-designed web site that is highly usable, and measures 
a person’s individual feeling and emotional satisfaction. Different usability evaluation techniques 
have been developed and incorporated into the design and development of web sites. Continuing 
study in this area, this paper shows a new and innovative method for usability testing, which 
classifies the emotional satisfaction of web interface design. 

Typical user-based usability test and new method using bio-signals  

Typical user-based usability test 
Recently, it has been found that user-based testing is recommended to be the primary method in 
usability evaluations. The purpose of a usability test is to investigate whether a web interface 
design meets its usability requirements and problems it is addressing. Evaluating a web interface 
design helps to find out how successfully the design works, and what kinds of problems users have 
while using the interface design (Lee, 2006). This method is usually conducted in a scenario-based 
environment and includes user performance measurements, satisfaction questionnaires, 
interviews, and participator evaluations (Maguire, 2001; Gray and Salzman, 1998; Nielsen, 1993). 
With this method, the measures are easily obtained and can be used to infer problem areas in an 
interface design. This method, however, is too subjective and does not give any clear indication 
why a certain interface aspect poses a problem to a user or how to improve it (Jaspers, 2009). 
Therefore we focus on the strengths and weaknesses of typical user-based usability test. 

New method of usability testing using bio-signals (EEG, ECG) 
With advances in computer video display technologies, such as EEG, fMRI, PET, and SPECT, 
brain research has become a contemporary issue. Based on this issue, many different major 
areas, such as Medical Science, Engineering, Psychology, Biotechnology, Linguistics, Economics 
and Music explore diverse aspects of brain research. Hence, there should be many opportunities 
to study brain research relative to Art and Design.  



When one makes the decision that something is good or bad, his or her decision is a result of the 
human thinking process. The brain works differently depending on a positive feeling or a negative 
feeling. In other words, the brain will answer in different ways when people look at effective 
designs or ineffective designs. One of my previous studies clarifies how the brain works when 
people look at good and bad design; it also comes up with an objective evaluation of how to judge 
the design value. Continuing this research, we are evaluating a person’s emotion, mainly positive 
and negative feelings, by using a variety of different bio-signals such as EEG, and ECG. 

Electroencephalogram (EEG): Many of the recent advances in understanding the brain are due to 
the development of techniques that allow scientists to directly monitor neurons throughout the 
body. EEG is the recording of electrical activity along the scalp produced by the firing of neurons 
within the brain (Society for Neuroscience, 2005). EEG has several strong components as a tool of 
exploring brain activity; for example, its time resolution is very high (on the level of a single 
millisecond). 

Electrocardiogram (ECG): ECG is a transthoracic interpretation of the electrical activity of the heart 
over time captured and externally recorded by skin electrodes (Kumar). Electrical impulses in the 
heart originate in the sinoatrial node and travel through the intimate conducting system to the heart 
muscle. The electrical waves can be measured by electrodes placed at specific points on the skin. 
Electrodes on different sides of the heart measure the activity of different parts of the heart muscle. 
An ECG displays the voltage between pairs of these electrodes, and the muscle activity that they 
measure from different directions can also be understood as vectors. This display indicates the 
overall rhythm of the heart and weaknesses in different parts of the heart muscle. It is the best way 
to measure and diagnose abnormal rhythms of the heart (Braunwaid, 1997). 

At the same time, we conducted a typical usability testing of the same web interface design to 
compare the results of these two methods, and concluded whether usability testing using bio-
signals is a good method to use for web evaluation.  

Methods   

Participants and decision of web interface design   
Ten healthy male college students in their twenties were selected for this experiment. After they 
agreed to the experiment, they completed questionnaires and we measured their brain waves and 
the electronic activity of the heart. The participants all consisted of persons who were right-handed 
and without brain-related diseases.  

The websites evaluated were four different car companies’ websites. Because of the subject issue, 
our research team chose all male participants who were interested in buying a car. In order to 
focus on design issues of web interface, the four websites chosen had brands of equal value and 
attractive design, but layout designs, navigation methods, and graphic elements were used in 
different ways. After the participants navigated the four websites, the preferred website was 
selected from the questionnaires given, and we compared them with the results of brain waves and 
electronic activity of the heart.   
 
Usability testing procedure 

The experiment included three main sessions: the user-based usability test, the EEG 
measurement, and the ECG measurement. Completing the usability test required approximately 60 
minutes. All participants were involved in this research, and the scenario of the experiment is as 
follows:  
 

1. Attach electrodes for EEG and ECG measurement  
2. Show “+” on a computer screen for 4minute to ensure a steady state of participant’s brain 

waves 
3. Navigate Samsung SM5 web interface design and complete each task from the 

questionnaire during the next 10minutes  
4. Show “+” on a computer screen for 1minute to ensure a steady state of participant’s brain 

waves again. 



5. Navigate GM Daewoo Tosca web interface design and complete each task from the 
questionnaire during the next 10minutes. 

6. Show “+” on a computer screen for 1minute to ensure a steady state of participant’s brain 
waves again. 

7. Navigate KIA Loche web interface design and complete each task from the questionnaire 
during the next 10minutes  

8. Show “+” on a computer screen for 1minute to ensure a steady state of participant’s brain 
waves again. 

9. Navigate Hyundai Sonata web interface design and complete each task from the 
questionnaire during the next 10minutes. 

10. Show “+” on a computer screen for 1minute to ensure a steady state of participant’s brain 
waves again. 

11. Participant chooses a mouse button (Yes: right button, No: left button) to decide whether he 
buys a Samsung SM5 car and we check event-related brain potentials (ERP).  

12. Participant chooses a mouse button (Yes: right button, No: left button) to decide whether he 
buys a GM Daewoo Tosca car and we check event-related brain potentials (ERP). 

13. Participant chooses a mouse button (Yes: right button, No: left button) to decide whether he 
buys a KIA Loche car and we check event-related brain potentials (ERP).  

14. Participant chooses a mouse button (Yes: right button, No: left button) to decide whether he 
buys a Hyundai Sonata car and we check event-related brain potentials (ERP). 

15. Participant fills out the user survey form for his preference of web interface design.  

Procedure of typical user-based testing method 
Usability assessment is now widely recognized as critical to the success of interactive interface 
design, including web design. Most common and typical usability testing is user-based evaluation 
that is based on user performance measurements, keystroke analyses, satisfaction 
questionnaires, and interviews. Using the four different web interface designs chosen, usability 
testing was conducted to analyze the user’s experience and performance. First, participants were 
asked for demographic information such as age, occupation, and their computer usage. Second, 
participants were asked to perform three tasks on the computer, and they had to finish all tasks 
navigating each car company’s website. Tasks were divided into specific questions such as 
checking each car’s model, shape, color, safety, performance, and price in order to find more 
accurate results. To accomplish these tasks, participants would navigate most of the websites. 
The software ‘Camtasia’ was used to capture a screen record and participants’ voices. Lastly, 
participants were asked to choose their preference of web interface design.   

Procedure of usability testing using bio-signals method (EEG, ECG)  
We also conducted usability testing using bio-signals, EEG and ECG, to evaluate individuals’ 
emotional reaction to different web interface designs in this research. Using the EEG method, 
electrodes placed on specific parts of the brain, which vary depending on which sensory system is 
being tested, make recordings that are then processed by a computer.  

Our team has used the technique of EEG to address the question of how the brain answers while 
participants viewed websites. The most difficult decision when using EEG is which part of brain we 
need to place electrodes to measure the brain waves. Electrode location and names are specified 
by the 10-20 system for most research applications. This system is an internationally recognized 
method to describe and apply the location of electrodes in the context of an EEG test (Fig.1). 

 
   

  



 

Figure 1 Electrodes location to check the EEG (10-20 System) 

 

Brain waves were measured by QEEG-4 (LAXTHA) and 256Hz was selected for a sampling 
frequency. The position of electrodes went by the international 10-20 electrode arrangement, using 
the channels of F3 and F4 for emotional control area and Fz and Pz for decision making area. 
Standard electrodes were applied to Cz. The electrode arrangement plan is shown in Figure 1.  

During the experiment, we used event-related brain potentials (ERP), which is a method in 
checking an electroencephalogram in certain moments when participants received the event, like 
choosing a mouse button to decide which car to buy. ERP is any measured brain response that is 
directly the result of a thought or perception. It can be reliably measured using the EEG, a 
procedure that measures electrical activity of the brain through the skull and scalp (Coles, Michael, 
and Rugg, 1996). There are four important components in the ERP waveform, which are P300, 
P600, P800 and N400. The N400 ERP component is described as a negative voltage deflection 
occurring approximately 400ms after stimulus onset, whereas the P300 component describes as a 
positive voltage deflection 300ms after stimulus onset. The presence, magnitude, topography and 
time of this signal are often used as metrics of cognitive function in decision-making processes.  

Proper placement of the limb electrodes for ECG measurement is color coded as recommended by 
the American Health Association (Fig.2). Limb electrodes can be far down on the limbs or close to 
the hips/shoulders, but they must be even (left vs. right). Our research team attached electrodes 
like first figure and measured the electric waves of SDNN, the standard deviation of the normal RR 
intervals, and the ratio of high frequency (HF) and low frequency (LF) to check emotional status.     

 

 
Figure 2 Electrodes location to check the ECG 

 

 



Results   

Analysis of typical user-based usability testing  
Typical usability testing was user-based performance that was evaluated based on total time to 
complete tasks, number of errors, frequency of assists, and the percentage of completed tasks. 
Table1 shows the result of total time to complete task. The first column shows each participant 
and the first row shows the each website. Red texts show shortest time that participants had to 
finish all tasks from the websites.   

 

 1 2 3 4 5 6 7 8 9 10 

SM5 8.15 9.26 12.27 11.58 5.54 11.25 11.59 14.24 16.11 13.48 

Tosca 6.54 7.37 7.44 8.05 5.54 8.34 8.35 7.13 16.08 12.19 

Loche 4.29 5.31 5.23 5.02 4.09 6.25 3.60 5.30 9.00 9.07 

Sonata 6.25 5.58 6.15 10.35 4.28 6.00 5.19 6.56 9.21 9.39 

Table 1 Total time to complete tasks 

  
 1 2 3 4 5 6 7 8 9 10 

SM5 2 0 4 3 0 3 13 1 2 1 

Tosca 2 4 3 0 5 8 5 3 5 0 

Loche 1 3 2 0 3 0 2 3 3 5 

Sonata 6 3 1 2 0 0 7 2 4 6 

Table 2 Number of errors (Red texts show the lowest error) 

  
 1 2 3 4 5 6 7 8 9 10 

SM5 1 0 1 1 0 1 1 0 1 0 

Tosca 1 1 1 0 0 1 1 0 0 0 

Loche 0 0 0 0 0 0 0 0 0 0 

Sonata 0 0 0 0 0 0 0 0 0 0 

 Table 3 Frequency of assists (Red texts show the lowest assist) 

 
 1 2 3 4 5 6 7 8 9 10 

SM5 100 100 100 100 100 100 100 100 100 67 

Tosca 100 100 100 100 100 100 67 100 100 67 

Loche 100 100 100 100 67 67 67 100 100 100 

Sonata 100 100 100 67 100 100 100 67 100 100 

Table 4 Percentage of completed tasks (Red texts show the less than 100%) 

 
After analyzing the user-based usability testing results, we concluded the participant’s preference 
of web interface design (Table5). 
 
 
 
 
 



 
 

1 2 3 4 5 6 7 8 9 10 

Loche Loche & 
SM5 

Loche & 
Sonata 

Loche Sonata 
& SM5 

Sonata Loche & 
Sonata 

Loche Loche Loche 
& SM5 

Table 5 Estimated participant’s preference of web interface design from user-based usability testing 

 
Lastly, Table6 shows the results from the user survey that participants directly answered the one, 
which they liked most among the four web interface designs. The results of Table 5 and Table 6 
are mostly similar with few differences; therefore the user-based usability testing was successful.  
 
 

1 2 3 4 5 6 7 8 9 10 

Loche SM5 Loche   Loche Sonata Sonata Loche Loche Loche Tosca 

Table 6 Participant’s preference of web interface design from user survey 

 

Analysis of usability test using bio-signals (EEG, ECG) 
First, we analyzed the ECG electric waves of SDNN, the standard deviation of the normal RR 
intervals, and the ratio of high frequency (HF) and low frequency (LF) to check emotional status. 
The higher number of SDNN means the participant’s emotion is more active and positive. The 
lower number means there is no emotional feeling change. The higher number of HF means the 
participant’s heartbeat is stronger which shows more active and positive feeling. Therefore, the 
smaller ratio of LF divided by HF is their preference website.  
 
 

 
Figure 3 Example of analyzing ECG data 

 

 

 



 

 1 2 3 4 5 6 7 8 9 10 

SDNN Tosca SM5 Sonata Loche Sonata Sonata Loche Loche Loche SM5 

LF/HF Sonata Loche SM5 SM5 Loche SM5  SM5 SM5 SM5 SM5 

Table 7 Estimated participant’s preference of web interface design from ECG 

 
Second, we analyzed the EEG data, which a frequency of 4~30 Hz was selected to remove the 
noise from raw data, and the values of RPS (relative power spectrum) were found in the frequency 
band of brain waves, theta (4~8 Hz) and beta (13~30 Hz), using FFT (Fast Fourier Transform). As 
we mentioned previously, brain waves were measured by QEEG-4 (LAXTHA) and the position of 
electrodes went by the international 10-20 electrode arrangement, using the channels of F3 and F4 
for emotional control areas.  

Higher numbers of theta mean that people are a in comfortable and positive status, while higher 
numbers of beta mean that people are a in nervous and anxious thinking status. Thus, the F3 
position is located in the left side of the brain, an area that processes optimistic thinking, and the 
F4 position is located in the right side of the brain, an area that processes pessimistic thinking. 
Therefore, we need to focus more on analyzing the F3 area for decision of preference of web 
interface design.  

 
Figure 4 Example of analyzing EEG data 

 

Figure 5 shows the result of beta power of F3 and F4. The red squares are the preference of web 
interface designs that participants chose from the user survey, and the black squares are the ones 
that they do not like. According to the figure of beta power of F3, most of their preference websites 
of beta power are lower than non-preference websites. As we mentioned previously, beta power 
shows the meaning of nervous and anxious thinking status, so this result is what we anticipated.   

 



 
Figure 5 Result of beta power of F3 and F4 

 

Figure 6 shows the result of theta power of F3 and F4. Again, the red squares are the preference 
of web interface designs that participants chose from the user survey, and the black squares are 
the ones that they do not like. According to the figure of theta power of F3, most of their preference 
websites of theta power are higher than non-preference websites. As we mentioned previously, 
theta power shows the meaning of comfortable status, so this result is what we anticipated.   

 

 
Figure 6 Result of theta power of F3 and F4 

 

Additionally, we used event-related brain potentials (ERP), which is a method in checking an 
electroencephalogram in certain moments when participants received the event like clicking a 
mouse button (Yes: right button, No: left button) to decide which car to buy. Our research team 
attached the electrodes to Fz and Pz, which are areas for decision making. 

Figure7 shows the P300, P600, and P800 of ERP results at the moment of participants clicked the 
preference of car. From the analysis, we concluded the amplitude of P600 shows the highest and 
strongest reactions when the participants chose preference of car.  

 



 
Figure 7 P300, P600, P800 of ERP result 

 

Comparison and relationship of two methods 
Table8 shows the results of the comparison between user-based usability testing, including the 
user survey and new usability testing methods using bio-signals (EEG, ECG). The final results of 
participants’ preferences of car web interfaces consist through all different usability test methods, 
except the result of ECG (LF/HF). This result shows irregular choice of preference of car websites 
compared to other methods, and it is reasonable that we can eliminate it as final conclusion.    

 
 1 2 3 4 5 6 7 8 9 10 

User 
Survey 

Loche SM5 Loche   Loche Sonata Sonata Loche Loche Loche Tosca 

User-
based 

Usability 
testing 

Loche Loche 
& 

SM5 

Loche 
& 

Sonata 

Loche Sonata 
& SM5 

Sonata Loche 
& 

Sonata 

Loche Loche Loche 
& 

SM5 

EEG:Theta 
Power 

Loche SM5 Loche X Sonata Sonata Loche Loche Loche Tosca 

EEG:Beta 
Power 

Loche SM5 Loche X   X X Loche Loche Loche Tosca 

ECG: 
SDNN 

Tosca SM5 Sonata Loche Sonata Sonata Loche Loche Loche SM5 

ECG: 
LF/HF 

Sonata Loche SM5 SM5 Loche SM5  SM5 SM5 SM5 SM5 

 Table 8 Comparison of all methods 

 

 



Conclusion 
The purpose of a usability test is to investigate whether a web interface design meets its usability 
requirements and the problem it is addressing. Recently, it has been found that user-based testing 
is recommended to be the primary method in usability evaluations. With this method, the measures 
are easily obtained and can be used to infer problem areas in an interface design. However, 
sometimes it is too subjective and does not give any clear indication why a certain interface aspect 
poses a problem to a user or how to improve. To make up for this weak point, our research team 
used bio-signals (EEG, ECG) to evaluate individuals’ emotional reactions to different web interface 
designs in this research.  

Based on the result of typical user-based usability testing, we compared the result of new methods 
using EEG and ECG and it shows similar conclusion. Almost 70% of what participants chose the 
preference car website from typical-user based usability testing are the same result from the new 
method using bio-signals (EEG, ECG) which means reasonable and valuable method for web 
evaluation.  

One of the most important issues in web interface design is a usability test to grasp a person’s 
individual feeling and measure the emotional satisfaction. The web interface designs are also 
objectively assessed by measuring the degree of utilization of the design elements, clarifying how 
it affects their emotional feelings, and comparing it to the results of frequency from bio-signals. 
New design methods are required so web designers can grasp the proper emotion, impression, 
and feeling of a web interface, and reflect these elements to make better web interface design. In 
the future, the idea of this paper shows an innovative method for usability tests, which can classify 
emotional satisfaction of web interface design, also linked with ease of use.  
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