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Abstract 
 

This thesis proposes three methods for software usability evaluation respectively 
based on quantitative data of brain wave, gaze point, and first impression. The purpose 
is to improve evaluation efficiency and effectiveness of software usability by solving 
problems in existing three types of evaluation methods: operation evaluation, 
performance evaluation, and subjective operation. These three types of methods are 
complementary to each other and can be used separately or together according to 
evaluation purpose of software usability. The problems in existing methods include a 
great deal of time for data analysis, professional skill demand, difficulty to point out 
problem, and relying on user’s memory.  

The first method based on quantitative data of brain wave belongs to operation 
evaluation. This method hypothesizes causal relation between user’s brain wave and 
emotion when using software. Through analyzing the specific scene pointed out by 
brain waves data, this method easily detects scene in which users feel difficulty in using 
software. The experiment confirmed that four out of five subjects statistically had a 
significant difference between the brain waves when the evaluated software was “easy 
to use” and the brain waves when the software was “difficult to use”. The proposed 
method based on “Type II” improves usability evaluation efficiency in nearly three 
times than that of exsiting methods.  

The second method based on quantitative data of gaze point belongs to performance 
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operation. It is hypothesized that a usability problem probably exist when a user’s gaze 
point moves long distance, or when a users’ gaze point moves slowly when using a web 
page. An experiment confirmed that usability problems could be found out by replaying 
the screen and gaze point motion when a user’s operation efficiency is low. The result 
shows this method improve effectiveness by making it easier to find out usability 
problem in evaluation. 

The third method based on quantitative data of first impression belongs to subjective 
evaluation. This method proposes a causal relationship between design factor and 
impression factor, which can indicate usability problem more clearly. Moreover, 
immediate comparison of first impression does not depend on user’s memory in 
usability evaluation. The method decides design factors that elicit target impression 
based on statistical analysis of impression data of web pages. Three experiments were 
conducted in three countries considering internationalization of WWW. The experiment 
results clarified design factors that elicit good impression in audiences of three countries. 
The proposed method in this chapter can point out usability problem about first 
impression easily. 

The thesis consists of five chapters. Chapter 1 introduces definition and importance of 
software usability. This chapter also clarifies existing software evaluation methods and 
their problems. This chapter also clarifies existing software evaluation methods and 
their problems. Chapter 2 proposes a method of usability evaluation by measuring brain 
waves. Chapter 3 proposes a method of web usability evaluation by gaze point 
information. Chapter 4 proposes a method of web usability evaluation based on 
audience first impressions. Chapter 5 concludes this thesis with a summary and future 
works. 
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1. Introduction  
 

In recent years, computer users’ strata are spreading with development of Information 
Technology (IT) and popularity of WWW. Novice users are dramatically increasing 
with the various IT products spreading in our daily life. An increase and 
complicatedness in software function is becoming a tense reality. Under these 
circumstances, we have to confront the questions that how easy the software is to learn 
and use, how productively users will be able to work, and how much support users will 
need. In other words, usability of software is therefore getting more and more 
important.  

Usability is quality in use. However, many software developers would rather work 
with machine than work with people; they show little interest in issues in such as how 
much data should appear on the screen at one time. Additionally many designers do not 
realize that their perception of their creation does not provide much information about 
how others will react to it. That is why we get all those “perfectly obvious to the 
designer” creation. Usability should be regarded as one more quality attribute for 
consideration during software or website construction. Usability is a difficult attribute to 
embed in any system---not only software---and it requires specific knowledge and a lot 
of awareness about the user’s likings, requirements, and limitations [17]. 

 

1.1 Definition of software usability 
 
Definition of usability is “the extent to which a product can be used by specified goals 
with effectiveness, efficiency, and satisfaction in a specified context of use.”(ISO 9241, 
part 11) Usability includes five basic attributes: learnability, efficiency, user retention 
over time, error rate, and satisfaction [5]. The five basic attributes play different role in 
various software. This thesis applies the definition to software usability when the 
product means software.  

 Learnability: How easy it is to learn the main system functionality and gain 
proficiency to complete the job. People usually assess this aspect by measuring the 
time a user spends working with the system before that user can complete certain 
tasks in the time it would take an expert to complete the same tasks. This attributes 
is very important for a novice user.   
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 Efficiency: The number of tasks per unit of time that the user can perform by using 
the system. We look for the maximum speed of user task performance. The higher 
system usability is, the faster the user can perform the task can complete the job. 

 User retention over time: It is critical for intermittent users to be able to use the 
system without having to climb the learning curve again. This attribute reflects how 
the system works after a period of no usage. 

 Error rate: This attribute contribute negatively to usability. It does not refer to 
system errors. On the contrary, it addresses the number of errors the user makes 
while performing a task. Good usability implies a low error rate. Errors reduce 
efficiency and user satisfaction, and they can be considered as a failure to 
communicate to the user the right way of doing things.  

 Satisfaction: This shows a user’s subjective impression of the system [5]. 
 
1.2 Importance of software usability evaluation 

 
Improving usability whether of IT systems, e-commerce Web sites, or shrink-wrapped 
software is not only highly cost-effective, but it can also reduce development, support, 
training, documentation, and maintenance costs. A system’s usability does not only deal 
with the user interface; it also related closely to the software’s overall structure and to 
the concept on which the system is based [17]. As IBM has stated, usability “makes” 
business effective. It makes business efficient. It makes business sense.” [15] According 
to Jakob Nielsen, usability efforts can increase sales by 100 percent [30]. 

Good usability is gaining importance in a world in which users are less computer 
literate and cannot afford to spend a long time learning how a system works. Usability is 
critical for user system acceptance. A software product with better usability will result 
in reduced support costs in terms of customer support costs etc. For a software 
development organization operating in a competitive market, failure to address usability 
can lead to a loss of market share should a competitor release a product with higher 
usability. Poor usability can negatively influence efficiency, effectiveness, and 
satisfaction. Usability is a key aspect of a software product’s success.  

Web site and application shall be considered as special software in WWW. Web 
usability is taken as a branch of software usability in this thesis. Because of the Web’s 
rapidly increasing significance in software development, the role of usability 
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between system and users. This type of method mainly focuses on two attributes of 
software usability: learnability and user retention over time. Mainly, the evaluation 
object is “process of dialogue” between system and users in this method. Various factors 
consisting of the dialogue are examined in view of “ease to use”. Compared with the 
other two types of method, this type of method focuses on finding out the problem 
existed in a system. For example, in monitoring and protocol analysis method, the 
situation in which a user operates a system practically is recorded by digital video. After 
the task finished, the trouble of a user can be found out effectively by analyzing the 
recorded data.  

Performance evaluation is a type of method to analyze parameters like execution 
time or error rate etc by which quantitative observation is possible after distributing 
some tasks to users. This type of method mainly focuses on two attributes of software 
usability: efficiency and error rate. Measured data are used to verity a hypothesis after 
statistical processing. The reliability and objectivity can be improved if measured 
population is taken largely. For an instance, key stroke model is well-known which 
estimates operation time by allocating prospected time taken in action factor of input 
(“push a key”, “see text” etc) [3]. 

Subjective evaluation is a type of method to analyze subjective impression of users. 
This type of method mainly focuses on the attribute of software usability: satisfaction. 
This method collects data by execute a questionnaire and interview after a user operates 
the evaluated system. Questionnaire procedure demands to set question items that shall 
fit the evaluation purpose. A representative example is interface satisfaction evaluation 
sheet-QUIS, which widely cover the items influencing satisfaction. 
  These three types of method focus on different attributes introduced in section 1.1. In addition, 

there is not one standard or well-established usability evaluation method. Various types 
of evaluation method have their merits and demerits. When we consider which types of 
method or which method to use in software usability evaluation, character of the 
software is important. Table 1 indicates the importance extent of three types of 
evaluation method for three kinds of software. The table also shows that different types 
of evaluation method are adapted to various software with different character. 

1.3.2 Problems in existing evaluation methods   

As shown in figure 1, operation evaluation contains two methods: monitoring and protocol 
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analysis. These two methods need a great deal of time for data analysis and demand much 
professional skill. Performance evaluation includes three methods: time measurement, group 
discussion, and phenomenon measurement. Problems of performance evaluation include it is 
difficult to point out usability problem, result is incapable to wide application, and comparison 
subject is necessary. Subjective evaluation mainly holds two methods: interview and 
questionnaire. Problems of subjective evaluation include that it is dependent on user’s memory 
and difficulty to point out problem. Moreover, subjective evaluation has possibility of 
information distortion in statistic process. These problems in existing usability evaluation 
methods restrict efficiency and effectiveness of software usability evaluation. 

 
1.4 Research purpose and placement 

 
Research purpose of this thesis is to establish effective and efficient evaluation methods 
of software usability by solving problems in existing three types of evaluation methods: 
operation evaluation, performance evaluation, and subjective operation. Focusing on 
different usability attributes of software, the proposed evaluation methods consist of a 
method of usability evaluation by measuring brain waves as operation evaluation, a 
method of web usability evaluation by gaze point information as performance operation, 
and a method of web usability evaluation based on audience’s first impressions as 
subjective evaluation. Figure 1 shows the relation between existing evaluation methods 
and three proposed methods in this thesis. 
 
1.5 Outline of this thesis 

 
In order to improve usability relating to software quality, this thesis introduces the tries 
to make up for the problems in above three existing evaluation methods of software 

Table 1. Relation between evaluated software and evaluation methods 
 

Evaluated Software Types of usability 
evaluation  methods Word processor Mathmatica Web site 
Operation evaluation Very important Important Very important 
Performance evaluation Important  Very important Very important 
Subjective evaluation Important  Important Very important 
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usability. In this thesis, three studies were conducted to improve existing evaluation 
method respectively based on brain wave analysis, proposal of two metrics about gaze 
point information, and bettered experimental procedures in user impression evaluation. 
The three studies respectively construct chapter 2, chapter 3, and chapter 4.  

The thesis consists of five chapters. Chapter 1 introduces definition and importance of 
software usability. This chapter also clarifies existing software evaluation methods and 
their problems. This chapter also clarifies existing software evaluation methods and 
their problems.  

In chapter 2, a method is proposed for evaluating software usability by measuring 
subjects’ brain waves. This method hypothesizes causal relation between user’s brain 
wave and emotion when using software. By analyzing the specific scene pointed out by 
brain waves data, this method easily detects scene in which users feel difficulty in using 
software. Based on experiments, it was verified that nearly 80% scenes in which users 
felt difficulty in using software could be detected with 73% analysis time cut down. It is 
concluded that by analyzing the pointed out part according to brain waves data, a person 
without expert skill can also detect usability problems efficiently. 
  Chapter 3 proposes a hypothesis that set up a causality relation between user's gazing 
point information and usability problems in software. The hypothesis is that in case that 
user’s gaze point moves longer distance in a given web page, there is “difficult to use” 
problem in the page. Moreover, in case that users’ gaze point moves slowly, there are 
usability problems in text of the web page. This hypothesis was suggested to detect 
quantitatively the characteristics of usability problems in given web pages. An 
experiment with five subjects was conducted. The experiment confirmed that usability 
problems could be found out by replaying the screen and gaze point motion when a 
user’s operation efficiency is low. The result shows this method make it easier to find 
out usability problem in software. 

In chapter 4, the proposed method decides design factors that elicit target impression 
based on statistical analysis of impression data of web pages. The method hypothesizes 
a causal relationship between design factor and impression factor, which can indicate 
usability problem more clearly. Immediate comparison of first impression in the method 
make the experiment result does not depend on user’s memory in usability evaluation. 
Three experiments were conducted in three countries considering internationalization of 
WWW. As a conclusion, the design factors of web page design and the extent to which 
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those design factors can elicit good impressions in a web page become clear. There is a 
tendency in the subjects that cultural difference influence impressions more than sex 
difference does. In B2C page design and improvement considering impression, the 
common and different points of impressions of audiences in different culture could be 
considered important and put to practical use.  

Chapter 5 concludes this thesis with a summary and future works. 
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2. A Method of Usability Testing by Measuring Brain Waves 
 

In recent years, computer applications have become popular in many fields. A lay user 
can use a computer as well as use a common household electric appliance nowadays. 
This situation has made the demands for software usability stricter than in former 
times. Research on evaluating user interfaces relating to software usability evaluation 
is extensive [4, 16, 27, 40, 44, 46]. Usability testing means the activity of performing 
usability evaluation in a laboratory with a group of users and recording the results for 
further analysis. Nobody can predict a software system’s usability without testing it 
with real users. Monitoring is a normal method of usability testing. As mentioned in 
chapter 1, monitoring method records situation when a user operates a software system 
practically by digital video. After the operation finished, the trouble of a user can be 
found out effectively by analyzing the recorded data. The monitoring method need a 
lot of time for data analysis and demand much expert skill. The two problems of 
monitoring limit evaluation efficiency of software usability. 

This chapter proposes a method to evaluate usability quantitatively by measuring 
brain waves. An ESAM has been proposed as a method for measuring changes in 
emotions using brain waves [26]. Using this method, research on a plant operator's 
emotions was undertaken in an existing research [22]. The proposed method associates 
variations of brain waves with emotions or feelings when subjects use a software 
system. Based on existing monitoring method, this method uses brain wave data of 
subjects to identify “difficulty to use” scene in the mean time. The section 1.3 
introduces that operation evaluation mainly focuses on two attributes of software 
usability: learnability and user retention over time. The two attributes are often 
mingled tightly in reality. This chapter use “difficulty to use” as substitute of the two 
attributes. In other words, “difficulty to use” means it is difficult to learn and 
remember usage of the object software. An experiment results that this method 
improves evaluation efficiency cutting down analysis time greatly. A person without 
expert skill can also find out the “difficulty to use” scene easily in a brain wave graph.   
 
2.1 Measuring emotion by brain waves 
 
Brain waves are generated by the activities of nerve cells called neurons. The neurons 
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z1 = c1,1 y 1 + c 1,2 y2 + ··· + c 1, 135 y 135           (1) 
z2 = c2,1 y1 + c 2,2 y2 + ··· + c 2, 135 y 135           (2) 
z3 = c3,1 y1 + c 3,2 y2 + ··· + c 3, 135 y 135                  (3) 
z4 = c4,1 y1 + c 4,2 y2 + ··· + c 4, 135 y 135           (4) 

 
y1~y135 represents an “input vector”; z1~z4 represents an “emotion vector”, and c1,1 

···c4,135  represents an “emotion matrix”. The input vectors of subjects who can control 
their emotions are used to determine an emotion matrix. For example, input vectors 
are measured when the subject creates emotions of anger/stress, joy, sadness, and 
relaxation. Then the emotion matrix can be calculated using the determinant in the 
equations (1), (2), (3), and (4). The following emotion vectors are assumed for each 
input vector.  

 
Anger /stress:      z1=1, z 2=0, z3=0, z4=0          (5) 
Joy:       z1=0, z 2=1, z3=0, z4=0          (6) 
Sadness:     z1=0, z 2=0, z3=1, z4=0          (7) 
Relaxation:     z1=0, z 2=0, z3=0, z4=1          (8) 

 
 

2.2 Usability testing method based on brain wave 
 
To employ the emotion matrix, Musha et al. used the input vectors of actors who can 
control their emotions. Although this method may work in the case of actors, finding a 
subject who can control emotions related to software usability is difficult. Two phases 
were employed in our method. In the first phase, patterns of the subject’s brain waves 
are induced and measured when the subject uses reference software in which messages 
or functions of software menus were changed to evoke the user’s emotions related to 
software usability. In the second phase, the subject’ brain waves are measured when 
the subjects use the target software. Usability of software consists of various properties, 
such as ease of acquisition, efficiency, and appearance, to name a few. Our focus was 
on the intelligibleness of application software menus because menu is one important 
character of Windows 9x/NT /Me/2000/XP application software. We classified menu 
into two kinds: “easy to use” menu and “difficult to use” menu. The “difficult to use” 
menu was separated into two types according to two basic reasons when a menu is 
difficult to use: menu appearance (messages) and menu function. These three kinds of 
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menus were used to bring out “easy to use” emotion and “difficult to use” emotions. 
Messages or functions of software menus were changed to evoke three emotional 
elements: 1) easy, intelligible, 2) deliberate, 3) frustrated and confused. These three 
emotional elements are related to usability. We proposed a method based on three 
types of brain waves and their corresponding relationship to software usability as 
follows: 

Type I: The brain wave produced when the user employs familiar menus. The level 
of “Type I” was considered to be in direct proportion to the level of “easy to use” of 
software usability. These menus, which allowed users to easily employ the application 
software in a highly intelligible manner, were meant to evoke simple, intuitive 
emotions. 

Type II: The brain wave produced when the user employed unreadable menus in 
which messages were written in mixed irregular Japanese Hiragana and Katakana 
letters. The Japanese messages in those menus appeared as “oPeN”, “cOpY”, or 
“foNtS” in English. The level of “Type II” was considered to be in direct proportion to 
the level of “difficult to use” of software usability. This kind of menu message was 
expected to evoke feelings of deliberation because the interface of the software was 
difficult for Japanese subjects to understand and use.  

Type III: The brain wave produced when the user employs faulty menus in which 
the messages do not correspond with functions. For example, the function of “cut” was 
executed when subjects selected a message of “copy”. The level of “Type III” was 
considered to be in direct proportion to the level of “difficult to use” of software 
usability too. This kind of menu was expected to evoke in the subject feelings of 
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confusion because the subject could not understand the strange behavior of the faulty 
software. 

 Although we proposed our method based on three types of brain wave 
corresponding to the intelligibleness of application software menus in this research, 
both the number of brain wave types and the software feature like menu or button can 
be adjusted in the method. 

 

2.3 Preliminary experiment 
 

The purpose of the preliminary experiment was to confirm whether the phases 
proposed for evoking target brain wave were effective or not. We verified that an 
emotion matrix was practical for usability testing. We experimented on one subject B0 
(Figure 2). We gave the subject a task itemized in the 13 items listed in the instructions. 
The instruction paper was in the subject’s left hand as shown in Figure 2. 

The task was to make simple presentation slides with Microsoft PowerPoint 97. We 
allowed the subject to ask questions freely about the contents of the instructions. In the 
experiment, we collected brain waves’ data, video images, audio, and the gaze point 
information of the subject. We collected the brain wave data using the Emotion 
Spectrum Analysis Equipment Ver.1.0 and recorded the video data and audio data on 
videotape with a video camera. We also collected the gaze data with an Un-contacting 
type of eye mark recorder. We did the experiment in a sequence of (1) training, (2) a 
phase for evoking feelings, and (3) a phase for evaluating usability. In order to avoid 
the influence of other unexpected factors, we fully trained the subject to make the 
subject accustomed to the experimental task before the experiment of evoking target 
feelings. We got emotional vectors of usability in the phase of evoking feelings. We 
measured four types of the subject’s brain waves as follows: (1) we measured the 
subject’s brain wave data as a value of "Type I" when the subject used the standard 
menu command smoothly. (2) We measured the subject’s brain wave data as a value of 
"Type II" when the subject used the menu command with its allocations and names 
changed. (3) We measured the subject’s brain wave data as a value of "Type III" when 
the subject used a menu command with its name and function mismatched. (4) Finally, 
we measured the brain wave data of the subject when rested quietly with eyes closed. 
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Figure 4.  Levels of “Type II" 

With these four values measured, we created an emotion matrix. 
In order to verify the effectiveness of the emotion matrix we created, we conducted 

an evaluating experiment. We selected Netscape Communicator 4.5 and Internet 
Explorer 4.0 as object software in the evaluating experiment. Our purpose was not to 
investigate which browser was better, but to confirm whether the emotion matrix was 
effective in usability testing. We made the subject carry out the task four times by 
using browser in the following order: (1) Netscape, (2) Explorer, (3) Explorer, and (4) 
Netscape. In case that a subject repeated to use same menu command, we used the 
brain wave data when the subject used a menu command for first time to calculate 
emotion matrix. We calculated “Type I”, “Type II”, and “Type III” using the emotion 
matrix. We analyzed the result by comparing three types of this brain wave data with 
the answers from an interview of the subject. In an interview after the preliminary 
experiment, the comments of the subject were as follows:  
-  It is easier to use Netscape because I usually use this browser. 
-  I am dissatisfied with the position of Netscape’s bookmark because it differs from 

the one I usually use. 
An average level of the subject’s brain waves is shown in Figure 3. We define a 

horizontal axis to represent three types of brain waves. In each type of brain wave, the 
browser used to elicit each type of brain wave listed in the order of the conducted tasks. 
The levels of the subject’s brain waves changed markedly between the task using (2) 
Explorer, and the task using (3) Explorer in both Type I and Type II. In Type I, the 
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level of brain waves signifies the degree of the subject’s intuitive feelings in the same 
direction. Therefore, the surprising variance that occurred in Type I can be interpreted 
as: the subject became familiar with the task, and had a strong intuitive feeling in the 
task of (3) and the task of (4). In Type II, the level of brain waves represents the 
degree of the subject’s deliberation. We may assume that the subject became skilled at 
Explorer in Type II. The brain wave data of Type I and Type II show the same result in 
different ways. On the other hand, the levels of “Type III” are mostly constant. The 
result of the subject’s interview is in accordance with the result of Figure 3, except for 
(3) Explorer and (4), Netscape of “Type II”. 

In Figure 4, the peak area marked “a” with a relatively high level of brain waves is 
in accord with the interview of the subject. However, the subject did not express any 
information about areas of “c” and “d” in the interview, and these areas show that the 
subject’s brain braves were high when he chose a font menu in the experiment. We 
asked the subject again about this, and he told that it was the first time for him to 
change a font size while browsing. He had forgotten to tell us this fact in the interview. 
This interesting fact shows that we can discover usability problems by brain waves 
even though the subject has not told us this information in the interview (“b” in Figure 
4). Figure 4 based on the brain waves of the subject was generally in accord with the 
information obtained from an interview with the subject. As mentioned previously, 
brain waves can help us to find usability problems that cannot be found in an interview. 
Therefore, such a method is applicable to the usability testing of software, and high 
levels of brain waves may have important meaning for usability testing according to 
this research.  

T1. Go to the specif

T4. Go back to the l
T7. Add the URL to
T10. Close the wind
T13. End a browser.

 

 

Table 2. The outline of task instructions used in the experiment 

ied link. T2. Enlarge a font size. T3. Go back to the first page.

ink of T1. T5. Go to a favorite link. T6. Enlarge a font size. 
 a bookmark (or favorite). T8. Create a new window. T9. Go back to the first page.
ow. T11. Go back to the first page. T12. Make a font small. 
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2.4 Main experiment 
 

Considering the individual differences in brain waves, the purpose of the main 
experiment was to apply brain wave data to other subjects and validate the proposed 
method. We experimented on five subjects: (B1, B2, B3, B4, B5). Other conditions were 
the same as in the preliminary experiment. Considering the effects of the different 
order of the experiment, we asked subjects (B1, B2, and B4) to carry out the task four 
times in order of (1) Explorer, (2) Netscape, (3) Netscape, and (4) Explorer. For 
subjects B3 and B5, we asked them to conduct the experimental task in order of (1) 
Netscape, (2) Explorer, (3) Explorer, and (4) Netscape. However, we have not 
analyzed influence of the different order on our experimental results in this paper. To 
avoid the influence that a subject repeated to use same menu command, we also used 
the brain wave data when the subject used a menu command for the first time.  

There were 13 task items from T1 to T13 listed in the task instruction paper (Table 2). 
The maximum of brain wave data in each action during each task is taken as the 
analytic minimum element. Each action induced the subjects’ three types of brain 
wave data according to “Type I”, “Type II”, and “Type III”. We excluded the portion 
of time not related to the time necessary for usability testing, by analyzing image data 
and gaze data. We evaluated and analyzed video data and gaze data by the monitoring 
method without reference to brain waves, and made reasonable judgments on the 
subjects’ face emotions, words, and behaviors during the experiments. First, we drew a 
detailed action table of subjects based on the video data and gaze data. Once the 
detailed action table was completed, we extracted scenes in which corresponding task 
actions seemed “difficult to use” or “easy to use” for the subjects. The extracted result 
is shown in Table 3. We investigated each action in order of the point of the high levels 
of the subjects’ brain waves. If the result based on brain waves is in accord with the 
result of monitoring during the investigation, we will have succeeded in the detection 
of usability problem. This can verify the effectiveness of our method of usability 
testing by measuring brain waves.    

In order to investigate the connection between the level of brain waves data and 
extracted scenes by monitoring, we conducted a t-test. The purpose for conducting the 
t-test was to confirm whether or not the average level of brain waves data significantly 
differ, for the extracted scenes based on monitoring and for the other scenes. We 
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measured the average difference of the three types of brain waves data, and assumed 
that Normal Distribution could be applied to the brain waves data. In addition, we 
assumed the average difference of three types of brain waves data is the same. We 
verified an opposition to the hypothesis. 

For this research, we assumed that x in the formula of the t-test was the level of 
brain waves data of the extracted scenes based on monitoring, and y was the level of 
brain waves data of the scenes not extracted. n1 was forty-five and n2 was five. 
Therefore, the degree of freedom (n1+n2-2) was forty-eight. As results of the t-test, a 
significant level of alpha is shown in Table 4 and Table 5. The results are separated 
into two types of scenes; namely, “easy to use” or “difficult to use” and were extracted 
from monitoring. In Table 4 and Table 5, we defined a straight axis as subjects and 
types of brain waves as the horizontal axis. The constituents of the tables indicated the 
significant alpha level of the t-test. Moreover, the same t-test was conducted for scenes 
of “missed operations” where the subject made mistakes in operation during the 
experiments. The results of the t-test, therefore, are shown in Table 6. 

Next, let us consider Table 4. If we assume “<10%” as a significant level alpha, we 
find a significant difference in the field of “Type I” of B1 and B5 in scenes which 
seemed “easy to use” based on monitoring. Nevertheless, only two subjects’ brain 
waves showed a significant difference. Therefore, we could not conclude there is a 
definitive connection between monitoring results and the level of brain waves data. In 
Table 5, if we took “< 10%” as a significant alpha level, we would find a significant 
difference for 4 out of 5 subjects in the field of “Type II”. “Type II” is equivalent 
to scenes which seemed “difficult to use” based on monitoring. Therefore, efficiency 

Table 3.  Result of our monitoring method on subjects 
 

Subject Scenes which seemed “Easy to use” Scenes which seemed “Difficult to use”  
B1 

B2 

B3 

B4 

B5 

(1) T5, T9, (2) T2, T5, (3) T3, T4 

(3) T3, (4) T4, T5 

(1) T12, (2) T12 

(1) T1, (2) T2, (3) T2 

(3) T1, T2 

(1) T2, T6, T7, T12 

(1) T2, T3, T4, T12, T13, (4) T13 

(1) T2, (2) T2, T7, (3) T7,(4) T11 

(1) T2, T3, (2) T1, (4) T1, T7, T9 

(1) T12, (2) T1, T12, T4  

*We tested every subject four times with 13 task items. The number in ‘( )’ of this table represents one of the four tests. 
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Table 4.  t-test result of scenes appearing 
“easy to use” based on monitoring 

 

Subject Type I Type II Type III 
B1 < 0.1% < 20% > 50% 

B2 
B3 
B4 
B5 

> 50% 
> 50% 
> 50% 
< 1% 

< 50% 
> 50% 
< 50% 
< 40% 

< 20% 
< 50% 
> 50% 
> 50% 

n finding a software usability problem s
igh-level area of brain waves data of “Ty
cenes that seemed “difficult to use”. 

Furthermore, we considered “misses in op
f “Type III” became greater for subject B1
isses in operations occurred only one tim

motional elements of the misses were not cle
Normally to find out latent software usa

hree to ten times length of monitoring time i
roposed method improve the efficiency in
sability problems in a software system, 
ubjects in order of the high level of three ty
early 80% scenes in which users felt diffic
ith 73% analysis time cut down.  

Table 6. t-test res
“misses in operations”
 

“Difficult to use” Typ
Subject B1 
Subject B3 

> 50
> 50
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Table 5. t-test result of scenes appearing 
“difficult to use” based on monitoring 
 

Subject Type I Type II Type III 
B1 > 50% < 0.1% > 50% 

B2 
B3 
B4 
B5 

< 20% 
> 50% 
< 1% 
< 30% 

> 50% 
< 10% 
< 1% 
< 5% 

< 0.1% 
< 40% 
< 40% 
< 5% 

hould become easier by searching the 
pe II” than by searching video data for 

erations” based on Table 6. The influence 
. A reason for this result may be that the 
e in all samples, and the level value of 
arly reflected in the results of the t-test. 
bility problems from monitoring video, 
s necessary [1]. To find out how much the 
 finding out scenes which may indicate 
we analyzed monitoring video of five 
pes of brain wave. The result showed that 
ulty in using software could be detected 

ult for scenes of 
 based on monitoring 

e I Type II Type III 
%
%

< 5% 
> 50% 

< 1% 
> 50% 

 



2. 5 Analysis of usability evaluation efficiency 
 

The proposed evaluation method sets threshold value of emotional elements. The 
usability evaluation efficiency of this method was analyzed. The analysis method is to 
confirm whether usability evaluation efficiency improves by merely analyzing the 
video scene that corresponding emotion levels measured surpass the threshold value. 
Several analysis indexes and formulas were defined as below: 

N: the sum of usability problems pointed out by monitoring. 
T: experiment time 
n: the sum of usability problems pointed out by monitoring scene when 

corresponding emotion levels measured surpass the threshold value. 
t:  experiment time that emotion levels measured surpass the threshold value. 

Coverage Rate = n / N                     (9) 
Usability Analysis Rate = t / T              (10) 

      Efficiency of Existing Methods = N / T       (11) 
      Efficiency of Proposed Method = n / t        (12) 

Analysis Ratio = (N / T) / (n / t)             (13) 
Based on above formulas, three types of brain wave proposed in this chapter were 

analyzed by calculation results. The result of Coverage Rate and Analysis Ratio of 
“Type II” is shown in Table 7. The Analysis Ratio values in this table show that 

Table 7. Analysis Ratio of “Type II” 
 

Coverage Rate  

60% 80% 100% 
B1 14%* 28% 46% 

B2 24% 38% 46% 

B3 19% 23% 25% 

B4 23% 34% 43% 

B5 7% 10% 14% 

Usability Analysis Rate average 17% 27% 35% 

Analysis Ratio 3.53 2.96 2.86 

* Usability Analysis Rate 
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usability evaluation efficiency based on “Type II” is improved nearly three times. 
 

2. 6 Conclusions 
 

This chapter proposes a method for evaluating software usability with brain waves. 
This method hypothesizes causal relation between user’s brain wave and emotion 
when using software. Through analyzing the specific scene pointed out by brain waves 
data, this method easily detects scene in which users feel difficulty in using software. 
This method quantifies the emotions of subjects using the evaluated software. 
Experiments based on proposed method illustrated the following points: 

1) The experiment confirmed that four out of five subjects statistically had a 
significant difference between the brain waves when the evaluated software was “easy 
to use” and the brain waves when the software was “difficult to use”. 

2) The proposed method based on “Type II” improves usability evaluation efficiency 
in nearly three times than that of exsiting methods.It was verified that nearly 80% 
scenes in which users felt difficulty in using software could be detected with 73% 
analysis time cut down. 

This research does not expect to find user interfaces that all users will feel easy to 
use. However, software may have some user interfaces that are difficult to use. This 
method is useful for finding problem when users feel difficult or easy to use evaluated 
software. Users may also feel difficulty in using software because of a lack of 
experience. In such a case, some users do not state outright that they felt difficulty 
because they cannot know whether the problem exists in the user interface or the 
problem is their experience lack. This method will give us some hints about which 
user interfaces should be improved. By analyzing the pointed out part according to 
brain waves data, a person without expert skill can also detect usability problems 
efficiently by this method. Practically, there may be not enough time to improve all 
problems of user interfaces found in usability testing. The quantified types of emotions 
are helpful for software developers in selecting the first priority solution for usability 
problem. 
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3. A Study of Web Usability Evaluating Method by Browsing History 
Including Eye Movement Tracking 

 

Numerous companies have failed in developing online business application for a lack 
of corporate vision by not considering Web usability. Designing attractive Web sites is 
a crucial problem in business, since Web sites directly reflect the images and sales of 
companies [5]. Therefore, usability evaluation for web pages is now an important 
concern in finding flaws in the pages with respect to usability [32]. Web usability 
testing is becoming a popular way to conduct usability evaluation. Web usability 
testing requires subjects (users) to browse a target web site, and then evaluators get 
feedback from the users based on an interview.  

This chapter studies an evaluation method of software usability by users’ browsing 
history record, especially the gaze point tracking record. A web site was used as object 
software in experiment of this study. As mentioned in chapter 1, Performance 
evaluation includes three methods: time measurement, group discussion, and 
phenomenon measurement. Problems of performance evaluation include it is difficult 
to point out usability problem etc. This chapter proposes a method to solve the 
problem in existing method. Two metrics including movement speed and distance of 
gaze point are proposed to find out usability problem in web page. The movement 
distance of gaze point is the movement amount of a gaze point in a given web page by 
a unit of pixel. The movement speed of gaze point is value that the gaze point distance 
divides time consumed in a given web page. The unit of the movement speed of gaze 
point is pixel/second. This method assumes there is a relation between usability 
problem and the two metrics. According to experiment and reasonable conjecture, this 
study sets up a hypothesis that speedy gaze point motion and longer gaze movement 
distance suggest software usability problem (user trouble) in software such as a web 
sites.  

This chapter firstly introduces a tool for web usability evaluation --WebTracer, 
which is use to record browsing history and operation. The tool can record user's 
gazing points, a user’s operational data, and the screen image of browsed pages. In 
addition, the WebTracer can replay a user’s browsing operations. In an evaluation 
experiment, WebTracer records five users’ browsing operations without interruption. 
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Analysis is done by applying the usability testing support function of the WebTracer. 
The causality shown in analysis result verifies the hypothesis as mentioned above. 
 
3.1 Outline of this thesis 
 
Today, many individuals and enterprises apply web site as tool of sending information 
or business. The development of web sites cost a lot of such as time and labors. 
Especially, a web site shall be charming, intuitive to users. A Web site shall be easy to 
use for a number of users comparing with traditional software [18]. Web usability is the 
ease to use of a web site. Web usability is very important because of influencing sale of 
enterprises [6]. In addition, if the user has not understood the intention of the web 
developer, the information and function of the web site will not be applied very well. 
Usability evaluation is necessary in order to design charming web site. Web usability 
testing is widely used as evaluation method of web usability. Usability testing is a 
method that web developer/manager tests a site with help of normal users. Typical Users 
will access the object web site practically to give their comments about the usability. 
These comments will efficiently help to find out usability problem existing in the 
evaluated web site [31]. 

However, usability testing traditionally consists of “Think aloud”, “group interview”, 
and “heuristic” evaluation techniques. These qualitative evaluation methods demand 
professional knowledge and skills of usability. Those qualified expert is very limited 
compared with the explosive number of web sites. Moreover, the increased cost and 
time necessary for web usability evaluation is one problem. As solution to these 
problems mentioned above, several usability testing approaches using quantitative data 
are proposed. Most of these approaches employed data of server side based on access 
log, such as evaluation of web page shift approach. Evaluation based on browsing 
action of user has not been applied yet.  

This study applied quantitative information of gaze point of eye to show the close 
relation between usability problems and user’s behavior in web browsing. Concretely, a 
device of gaze point tracking records coordinates of the point that a user’s eyeball is 
looking at. Then the movement speed and movement distance shall be calculated. The 
WebTracer can supply the necessary data to complete the calculation. It is supposed that 
the proposed usability evaluation method do not demand much professional knowledge 
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and experience. The two metrics supply qualitative measurement possibility of web 
usability problem. This method may decrease evaluation cost of software usability in 
practice. 

 
3.2 Related research 

3.2.1 Usability testing 

There are many methods of usability evaluation developed until now, one typical 
method category is usability testing. Usability testing is a general term of the usability 
evaluation method in which users practically operate various machines and systems or 
its prototype. Users are the most important center of usability testing. Recently, the 
traditional usability testing is applied in web usability evaluation. The applied methods 
include performance measurement based on quantitative data such as operation time or 
operation times of users, “think aloud” in which what users say is analyzed to identify 
the usability problem. 

However, the expenses of preparing test user and analyzing data, the cost of time, 
available device make it difficult to apply usability testing. In addition, usability testing 
cannot be executed before system/prototype is finished because of process limit of the 
development engineering of product. In order to improve efficiency and decrease cost in 
usability testing, automation evaluation method, evaluation support tool, and computer 
software tool are studied and developed. The below is an introduction of several 
methods to support usability evaluation of GUI application.   

Guzdial’s method applies Markov chain analysis to find out continuous two 
operations used very frequently by calculating probability that an operation 
continuously conducts after another operation. If finding out two continuous operations, 
the position of corresponding GUI parts should be closer to make the mouse movement 
distance less between the two operations.  

According to the method of Kishi [21], operation history of user and standard 
operation history are compared in several separated phases. In operation of GUI 
application software, it is possible that mouse or keyboard can operate same operation 
part. It is also possible several parts have same function. By different comparison 
criterion like function or part, there are various levels to compare standard operation 
history and user operation history, such as comparison level between different executed 
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Figure 5. Example of data collected by the WebTracer 

functions (commands) disregarding difference of operating parts, comparison level 
between differences of operated parts disregarding difference of input devices, 
comparison level between differences of input device. Comparing standard and user 
history after separating them in multi phases shows the difference level between the two 
histories. These comparisons make it easy to identify whether those differences suggest 
usability problems. 

Ikemoto’s method [14] can detect the operation that takes longer time than predicted 
time by compare predicted time with time interval of operations that select menu or 
button by mouse. In case that time difference is big, it is possible that the operation is 
difficult fro users to understand or it takes users much time to find out next operation 
part because of the complicated screen layout of system. 

“UI Tester” and “GUI Tester” developed by Okada el. are tools to evaluate software 
of FAX device and GUI application [35, 37]. The common characteristic of the two 
tools is to find out the common mistaken operation by extract common operation pattern 
from operation histories of more than one user. To minimize effluence to evaluation 
result from individual difference, the analysis of common operation pattern is effective 
with more users’ operation histories collected. It is possible to apply above methods to 
evaluate single web page because these methods evaluate object limited a few screens. 
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Figure 6. Example of a summary (summarized browsing history) 

However, it is difficult to detect usability problem from web site consisting of linked 
web pages by existing methods. 

 

3.2.2 Application example of gaze point information 

Mori el. [28] proposed a method to improve usability prototype based on screen design 
in information system development. They focused on human interface and analysis of 
eyeball movement, and tried a study repairing prototype screen. The experiment result 
showed that both operation speed of screen processing and satisfactoriness of user were 
obviously improved under the method.     

In research of Mori el., movement of subject’s gaze point firstly was recorded, and 
then the track of subject’s gaze point was drawn in prototype screen. They set up a 
hypothesis that smooth motion of gaze point shall be movement from upper side to 
lower side, or movement from left side to right side. They checked out opposite 
motion of user’s gaze point and modified the position of items in the screen. They 
compared the operation speed and user satisfaction between original design and 
modified design. The effectiveness of screen design using track of gaze point was 
verified. However, in case of usability evaluation using track of gaze point, the 
knowledge and experience is necessary to find out problem from the track of gaze 
point. Therefore, this method cannot realize the target to improve evaluation efficiency 
and decrease evaluation cost. 
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3.3 WebTracer 
 
WebTracer is an integrated environment for web usability evaluation. It can record a 
user’s browsing operations, replay recorded browsing history, and provide analysis 
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tools that can depict graphs and calculate statistical equations. WebTracer gets 
information of gaze point position by sampling way in an interval (every tenth of a 
second). The gaze point movement is complicate that there are many patterns. Simply, 
the movement pattern of gaze point can be divided into delicate movement and leap 
movement (e.g. saccade movement). WebTracer cannot record delicate movement in 
tenth of a second. Thus, the distance of this kind delicate movement could be 
considered as acceptable errors. Moreover, spatial errors of gaze point measurement 
are about a character because of environment factor etc. WebTracer is optimized 
especially in the following two features. 

3.3.1 Recording web operation 

WebTracer records the various user operational data needed for replay and analysis. 
Specifically, WebTracer records user’s gazing points via the camera eye, mouse 
movements and clicks, keyboard inputs, and the screen image of the browsed pages. 
An example of data collected by WebTracer is shown in Figure 5. Unless the 
appearance of the browsed page changes, WebTracer does not record browsed screen 
image. The image is captured only when a transition of the browsed page is triggered 
by a user's events (e.g., mouse click to follow the next links). Thus, the size of the 
recorded image can be significantly reduced to 1/10 to 1/20 of the size of recorded 
data when compared with data recorded in an Mpeg-2/4 format. 

3.3.2 Replay and summary functions 

WebTracer can support usability testing by using a replay of the user’s operations, 
summarized data, and graphs derived from the recorded data. By using the summarized data, 
we can capture the characteristics and statistics of each page, which helps with the analysis of 
a web site. Recorded data are summarized in the form of a table for every page, as is shown in 
Figure 6. The data can also be shown in graph form. An example of an eye movement statistics 
is shown in Figure 7. In addition, an example of the replay screen with the eye mark of the 
user (the user’s gazing point) is shown in Figure 8. The replay feature reproduces operations, 
such as the eye mark and mouse cursors, operations performed when the page is being 
browsed. In another window, WebTracer can display other events, such as a keystroke. 
Moreover, at any time during the recording, we can insert annotations and replay these 
annotations later. An experiment has been conducted to evaluate the effectiveness of 
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WebTracer in a Web usability evaluation. 
 

3.4 Usability testing using gaze point information 

 
Web usability is the ease of use of the Web. Problematic page design, such as 
“inconsistency between link titles and target pages” and “ugly menu layout” etc, 
decreases the usability of the web page, and thus should be detected and revised. 
However, managing such usability problems often requires qualitative evaluation by 
experts with enough knowledge and experience. 

This research conducted a usability testing of a web site applying WebTracer 
(developed by group) and gaze point tracking device. The gaze point information of 
five subjects was collected. These subjects undertook diagnosis of the web site and 
presented comments of usability in an interview. The purpose of the experiment is to 
verify the hypotheses set up in above mentioned part. The gaze point information, 
users’ comments, and the checklist result of subjects would be used to contrast 
whether the gaze point speed and distance implies the usability problem in a web page. 

 

3.4.1 Outline of the experiment  

Firstly, the object web site and task was assigned to five subjects. WebTracer recorded 
their browsing operation. After task finished, an interview was conducted. The subjects 
were asked about points that they felt difficult to use the software in experiment. Finally, 
compared with the interview results, data analysis were conducted based on recorded 
gaze point information. The consistency between recorded data and subject comment 
was checked.  
 

3.4.1.1 Operation record including subjects’ gaze point information    

WebTracer can collect user’s operation history (event) in a web page. These events 
could be eye gaze point information (coordinates of gaze point in screen measured by 
gaze point tracking device), key stroke, mouse operation, state of web application, 
image of browsed web page, shifting time among various web pages etc. Time 
information has been added in all events record. 
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Figure 9. A page with long movement distance of gaze point 

WebTracer can show the outline of user’ browsing information based on collected 
history data. Figure 7 shows an example of the movement speed and distance of gaze 
point when browsing web page. In addition, the motion history of the subjects’ gaze 
point in computer screen in operation can be replayed again (Figure 8). The same as 
replaying digitized video, operation history also can be replayed by various operations 
like “fast-forwarding”, “rewind”, “stop”, and specifying replayed position by slide bar 
etc. 

3.4.1.2 Subjects and tasks 

Five subjects conducted the task in the experiment. These subjects apply Internet in 
daily life. Four subjects often use the object web site in the experiment. One subject 
uses the object web site for the first time. The task of five subjects is to find out 
information from web site of our university (www.aist-nara.ac.jp) as below. 

Task 1: investigating premise knowledge of a class. 
Task 2: finding out telephone and fax number of office of Graduate School of 
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information Science. 
Before the task started, content of task was explained. The state when the subjects 

browsed web pages was observed during tasks. During subjects performing assigned 
tasks, WebTracer recorded the browsing operation (including gaze point information) in 
the background. It is confirmed there was no break in the process of task in order to 
record a user’s browsing operation as usual. 

3.4.2 Analysis of browsing history 

According to the recorded browsing data of five subjects, the movement distance and 
speed was calculated out automatically in WebTracer. Based on the calculated value, 
record of the gaze point tracking was replayed repeatedly to find out coincidence in 
accordance with the hypothecation in this chapter. The record of gaze point data in 
accordance with the hypothesis was found in the experiment (Figure 9, Figure 10). 
Figure 9 shows the scene in which a subject’s gaze point moved at the longest distance 
record: 16, 929 pixels in a browsed web page. The confusion of recorded tracks of gaze 
point suggests a probable problem in page layout. Tracks of gaze point in Figure 10 
seem congested around several links. This may indicate usability problems in color or 
texts of page links design. Gaze point in Figure 10 moved in slow speed. These records 
help to point out usability problem in a given page easily. This shows that hypothesis 
gets support from the experiment. 

 

3.5 Conclusion 
 

In order to achieve more effectiveness of software usability evaluation, an empirical 
study was conducted and the result shows that user's eyes (i.e., gazing points) could 
supply useful information that is quite relevant to usability problem. In the experiment, 
five subjects were assigned a task to browsing a web site, gaze point tracking device 
and Webtracer recorded the tracks of subjects’ gazing points. Based on the recorded 
data of gaze point motion, gaze point speed and gaze point distance were calculated. 
Based on the calculation and replay of the browsing history, an analysis was 
conducted to find out web pages that have usability problems. Finally, we categorized 
the usability problems according to speed and distance of the gazing point movement.  
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4. An Empirical Study of Audience Impressions of B2C Web Pages in 
Japan, China and the UK 
 

Subjective evaluation mainly holds two methods: interview and questionnaire. The 
two methods are dependent on user’s memory and difficulty to point out problems in 
software usability. This chapter proposes a method to solve the problems. The 
proposed method was applied in a study of audience impressions. Negative 
impressions that arise during a first interaction with a Business-to-Customer web page 
often have the unpleasant side effect to destroy a firm’s efforts in achieving B2C 
electronic commerce on the WWW.  

This part of thesis verifies the relation between audience impressions and the visual 
style of a B2C web page. In comparison to previous work, the experimental procedure 
was greatly improved. It was therefore expected that this change leads to improved 
results with higher reliability. Moreover, this study considered the impressions of 
Japanese, Chinese, and English subjects to investigate differences and consistencies in 
impressions, which are based on the underlying culture. Three empirical studies based 
on self-report questionnaires were conducted in Japan, China, and the U.K. The 
studies measured the subjects’ impressions of various B2C web pages that showed 
eight design factors. The evaluation values for seventeen impression factors and their 
antonym terms were collected in the questionnaires. The studies in China and the U.K 
were conducted using the same procedure as in Japan. Sign tests of the results show a 
significant difference in subjects' impressions corresponding to changes in design 
factors. Moreover, the results show cross-cultural consistencies in various impressions 
but also several differences between the subject groups. This study concludes by 
discussing the implications of the empirical results for the visual design of 
international B2C web pages in terms of target impressions. 

 
4.1 Web usability and audience impressions 

4.1.1 The importance of the impression of a business-to-customer web page  

The Internet profoundly changes the way in which commerce is conducted. In some 
ways, Internet commerce seems deceptively simple [31, 45]. However, there are many 
factors affecting the success of electronic commerce. One of these factors is web 
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usability, which becomes increasingly important for the Internet society. One day it 
may become a reality that usability drives the Internet economy [31]. Many Web sites 
confront usability problems that shall be solved by usability evaluation, web 
improvement, and redesign. 

Usability of IT applications should display five major attributes: learnability, 
efficiency, memorability, errors and satisfaction [32, 41]. “Satisfaction” shows a user’s 
subjective impression of a system. “Satisfaction” requests the system should be 
pleasant to use so that users like it [1, 41]. For business to customer electronic 
commerce (B2C EC) on the WWW, satisfaction of customers appears more important. 
However, satisfaction is not intuitive and has often been ignored by designers.   

First impression is a subattribute of satisfaction [5], which decides a consumer's 
image of a product or a company. Impression has the same role in B2C EC on WWW. 
The positive/good impression of a B2C web page is an important component of 
audience satisfaction. With a bad impression of a B2C web page, audiences will stop 
browsing or will not return any more. There are so many similar B2C web pages on 
WWW.   

The importance of impressions has been emphasized in the design of physical 
products [9, 24, 25]. In real world commerce, the impressions elicited by a sales agent 
or a commercial organization as a whole influence the overall satisfaction of the 
customer [20]. The feelings that are aroused in interacting with a system are especially 
important for systems that are used on a discretionary basis such as EC [47]. In the 
case of EC, impressions of the web pages will influence the audience desire to 
purchase. Impressions can be expected to play a similarly important role in the design 
of B2C Web pages just as they do for physical products. The impressions created in 
interacting with a B2C web page are especially important for EC systems, which are 
used on a voluntary basis. People do not have to use such a system if they dislike it 
[31]. The same conditions apply to a B2C web page.  

In B2C EC on the WWW, services or products are supplied to customers through 
web pages, which are the interface between the seller and the buyer. A positive 
impression can play an important role in attracting audiences to a web page and 
turning them into customers. Therefore, the research is needed to analyze the relation 
between audience impressions and the visual style of a B2C web page. However, little 
research has been conducted regarding the impressions of B2C web pages. Nielsen's 
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research on web usability merely mentions that the first impressions an audience 
obtains from a given web page are important [31, 33, 34]. A systematic methodology 
that takes in consideration impressions will be helpful in the design of B2C web pages. 

Kim and Moon have conducted experimental research on the feeling of 
trustworthiness [20], which especially focused on the feeling of trustworthiness that 
the interface of a cyber-banking system should elicit in customers who carry out 
financial transactions. Forty terms for emotions were identified to indicate emotions 
elicited by the user interfaces of cyber-banking systems. Fourteen design factors were 
concluded to describe the studied user interfaces. The results of their research indicate 
that it is possible to design customer interfaces of cyber-banking systems, which will 
elicit target emotions, such as trustworthiness. 

4.1.2 Cross-cultural impressions 

Culture is always viewed as a collective phenomenon. It represents “mental 
programming”, which is partially predetermined by the collective values of their local 
community [38]. Nielsen advocates that web usability shall consider international use 
that serves a global audience [31]. Barber and Barde [2] argue the success of a global 
interface may only be achievable when the interface design reflects the cultural 
nuances of the target audience. Negative and positive consumer reactions become 
more understandable and predicable when a person’s cultural context is taken into 
account [38]. It is expected that people with different cultural backgrounds would 
respond differently to a globally generic Web site. Different cultural responses would 
have important implications for the corresponding Web interface design. This is 
important for building electronic commerce systems that offer global usability [7]. We 
therefore hypothesize that culture differences may be reflected in the relationship 
between the design of a B2C web page and audience impressions of that web page. In 
this research, we study the differences and consistencies of impressions resulting from 
three diverse cultures. 

Newsbytes Asia reports that the number of online users in Asia is expected to reach 
228 million by 2005. Most of Asia's users are in Japan. We conducted first a controlled 
experiment in Japan. In addition to Japan, we selected China and the UK for the 
following reasons: Newsbytes Asia reports that China is expected to surpass all other 
countries in Asia by 2005. 37.6% of Asia's online users will be Chinese in 2005; this 
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signifies 85 million users. The huge population and the remarkable growth of the 
Chinese economy make it undoubted that China will also take an important position in 
the world’s B2C EC in the near future. As for the UK, of the approximately 215 
million current global Internet users, 57.4% use English as their primary language 
[42]. 

The main objective of this research is to study the relation between impressions and 
visual design of a B2C web page base in an improved experimental environment. This 
research also compares subjects from Japan, China, and the UK to identify differences 
and consistencies in impressions across different cultures [10]. Based on this research 
result, it is expected to find an implication for the optimal design of B2C web pages 
that are intended to elicit certain target impressions of audiences while they interact 
with B2C web pages. This paper especially focuses on the positive impressions that a 
B2C web page should elicit in audiences for the first time. This will help a designer to 
improve the usability of B2C web pages in terms of audience impression.  
 
4.2. Studies based on three controlled experiments 

4.2.1 Definition of terms 

Electronic commerce (EC): has been defined as the delivery of information, products 
and services, or payments via telephone lines, computer networks or any other 
electronic means [20]. However, this paper restricts the meaning of this term to 
business that is processed by the World Wide Web. Here EC includes business 
transactions like online shopping, online securities, online banking [29]. 

Culture: Culture is always viewed as a collective phenomenon. People learn 
patterns of thinking, feeling, and potential acting from living within a defined social 
environment, normally typified by country [38]. 

B2C web page: A web page used for B2C EC in the WWW. In this research, we just 
consider static web page as objective web page constituted by eight design factors 
(Table 9). The eight types of design factor are still the basic components in a B2C web 
page despite the growth and popularity of dynamic web pages. 

Web page design: In this research, we refer to the visual style of a web page based 
on available design factors such as title, background color etc. The B2C web pages 
were designed based on various layouts of eight design factors in this research.     
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Impression: An impression describes an emotion state or feeling of an audience, 
which is elicited by a B2C web page when the audience visits the web page for the 
first time. In this research, impression is expressed by affective terms like “charming”, 
“boring”, “likable” etc, which are referred to as impression factors (see below). For the 
purpose of this paper, emotion and feeling is viewed as synonym for the term 
“impression”. 

Impression factor: In this research, impression factors point to seventeen 
impression terms (Table 8) which are considered the most important ones while 
audiences browse a B2C web page. These seventeen factors, together with their 
antonyms, are used as impression dimensions to evaluate the audience impressions of 
a B2C web page. It is assumed the seventeen impression factors construct the 
impression space of audiences of a B2C web page.    

Usability: The usability of a computer product is the extent to which the product 
can be used by specified users to achieve specified goals with effectiveness, efficiency 
and satisfaction in a specified context of use (ISO 9241; 11; 1994). Usability of IT 
applications should display the following five major attributes:  
1. Learnability - easy to learn;  
2. Efficiency - efficient to use, making it highly productive;  
Table 8. Seventeen impression factors 
 

No. Impression  factors 
1 Awkward 
2 Brief 
3 Boring 
4 Charming 
5 Cluttered 
6 Soulful 
7 Unpleasant 
8 Consistent 
9 Epochal 
10 Exciting 
11 Likable 
12 Opulent 
13 Progressive 
14 Reliable 
15 Simple 
16 Vibrant 
17 Witty 
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3. Memorability - easy to remember, so that a casual user is able to use the system 
easily after a period of non-use;  

4. Errors - relatively error-free, so that users make few errors and recover easily from 
those they made;  

5. Satisfaction - pleasant to use, so that users like it [32, 41].   
 

Design factor: visual style elements/components, which a B2C web page consists 
of. We apply eight design factors in this research. Each design factor has several 
choices to be selected in web page visual design (Table 9).   

Choice: In this paper, choice means the available selections or options included in a 
design factor. This term is also used to represent a version of a web page, which 
features a particular option of a given design factor. The objective B2C web pages 
used in this research were designed based on choices of eight design factors (Table 9). 

4.2.2 Design of the improved experiment 

The results of Kim and Moon’s research [20] are not immediately applicable to the 
actual design of customer interfaces due to some limitations. For example, the 
emotions indicated were the result of passive exposure to those visual interfaces, not 

Table 9.  Twenty-nine versions of web page 
 

Choices of design factors Design   factors 
A B C D 

Title format Bar Clipart Text No Format  
Title position Top Middle Bottom No Format  
Menu size* >1/16 >1/32 >1/64 No Format  
Clipart size* >1/2 >1/4 >1/16 No Format  
Main color Primary Pastel No Format - 
Background color* White>1/2 White<1/2 Color I Color II 
Color brightness High Medium Low - 
Color harmonization Harmonized Multiple Single - 

- “No Format” means no special format was used to indicate this design factor. 

-  29 versions of the original web page were designed to represent 29 choices of the eight design factors. 

-  Underlined choices are used in the original B2C web page. 

* The value such as “1/16”, “1/2” means percentage of a screen size a design factor takes in a B2C web page. 

 36



Figure 11. The original B2C web page  

the result of actual usage of the cyber-banking system. Therefore, future studies should 
investigate the emotional usability of the customer interface while subjects are actually 
using the system.  

Improvements of the experimental procedure in the current study in comparison 
with previous research [20] include: 

 The method of eliciting impressions was changed from merely presenting slides to 
actual browsing of a B2C web page. It is expected that this change will improve 
the results related to impressions and therefore the reliability of the conclusion.  

 Based on Kim’s research and preliminary studies in the current research, the 
redundancy of the impression scales (terms) was reduced. Several new impression 
terms were added to the impression terms. 

 Experimental conditions were designed that are near the real environment in 
which normal audiences browse B2C web pages. Every subject in the experiments 
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was able to browse independently web pages using separate computers. 
 The evaluation of the impressions was based on comparisons between different 

web pages. Subjects evaluated the intensity of their impressions of various 
versions of web pages when these different web pages are juxtaposed on the same 
computer screen.  

 In addition, the statistical analysis method was changed to Sign test. The sign test 
only utilizes the numerical relation of larger or smaller for matched pairs of 
variables rather than the actual values of the variables. It is expected that the sign 
test method will clarify what factor or choice can elicit a target impression 
efficiently.  

 The subjects in this research come from three different cultures. This will help to 
identify differences or consistencies in impressions of B2C web pages in terms of 
international use. 

4.2.3 Preliminary study 

In our empirical investigation, we used a list of forty impression factors and fourteen design 
factors based on Kim’s research [20]. As using all these factors in our investigation may have 
imposed too large a cognitive load on the subjects, we decided to identify the most important 
impression factors and design factors. In cooperation with a web design company in Japan, we 
first conducted a preliminary investigation to limit the number of impression factors and 
design factors. In this preliminary study, Web designers were asked to vote, which factors are 
important to evaluate B2C web pages from the audience perspective. These important factors 
were then used in the main studies [10, 11, 12, 20]. Furthermore, the designers could add new 
design factor and impression factor, which they considered as important for the design of a 
B2C web page. We asked seven experienced B2C web designers to score the list of impression 
factors and design factors according to importance from integer value 1 to 5. The higher value 
indicates an increased importance. Based on the scores and subsequent ample discussions with 
the seven designers, seventeen representative impression factors (Table 8) and eight design 
factors (Table 9) were selected for use in the main investigation. The seventeen representative 
impression factors and their antonyms were used as bipolar dimensions to evaluate various 
B2C web pages in the main studies. 

 38



Figure 12. Choices of title format

4.2.4 Main studies across three countries 

This research targets the first impression of B2C web pages. Therefore, an original 
homepage of a Japanese B2C website, which is based on the eight design factors, was 
selected. This original web page contains information about computer products in 
Japanese (Figure 11). The web pages and the questionnaires in the study were 
generated in Japanese, Chinese, and English versions according to the native 
languages of subjects in the studies. This enabled the accurate measurement of subtle 
differences in the impression terms. 

The purpose of the studies was to verify the relations between impressions and the 
design of B2C web pages by measuring subjects' impressions of various B2C web 
pages in an improved experimental environment. The same material was used in all 
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the studies in Japan, China, and the UK. However, it was translated into the 
appropriate language. The questionnaire consisted of the seventeen impression factors 
and their antonyms, altogether thirty-four affective terms. A two part self-report 
questionnaire was used in this phase. Six questions in the first part focused on the 
subjects' knowledge of and experience with B2C web pages. In addition, subject age 
and gender information was also collected. This part was also intended to prepare 
subjects for the second part of the main study. The second part included eight pages, 
one for each of the eight design factors. On each page, the seventeen impression 
factors and their antonyms were arranged in a form. Self-reports are most commonly 
used as the measures of emotion under laboratory conditions [8, 23, 43]. A 
questionnaire with a bipolar seven-point Likert scale with integer values from -3 to 3 
was set to evaluate different intensities of the audience impressions elicited by the 
various B2C web page designs.  

4.2.4.1 The various B2C Web pages 

The eight design factors embodied twenty-nine possible combinations of choices. 
Twenty-nine web pages were designed by applying different combinations of the 
design factor options. The possible choices of design factors were juxtaposed as shown 
in Figure 12. The subjects compared different web pages on a single screen and noted 
their impression values for each web page in the questionnaire. 

Table 9 describes the twenty-nine web page designs consisting of the eight design 
factors, which were used in the main studies. In the heading of Table 9, the letters of 
"A", "B", "C" and "D" each represent one given version of a possible web page that 
corresponds to a given design factor. In the second row in Table 9, four choices of 
"Bar", "Clipart", "Text" and "No Format" represent four versions of web pages 
corresponding to the design factor: Title format. In addition, there are eight design 
factors in the design factor column. In this paper, the twenty-nine choices such as 
"Bar", "Top", ">1/16" etc are related to the twenty-nine different versions of web 
pages. For example, corresponding to the design factor of "Title format" in Table 9, 
this paper uses the notion "Bar" to represent the web page design that uses a title in bar 
format. 
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A web page to illustrate each design factor was made to prevent confusion in some 
subjects. The difference between options embodied in a design factor was emphasized 
graphically. When the subjects did not understand the difference between the displayed 
web pages, they could refer to the illustrative web page just by clicking on a hyperlink. 
These eight illustration web pages were linked together with the twenty-nine web 
pages in a platform web page, which was used to start the task. All web pages needed 
in the experiment were linked to the platform web page. The experiment in Japan was 
carried out in a college computer center. The computers were connected in a 

Table 10. Evoking probability of three target impressions  
     regarding choices of the design factor: Title format 

 

Awkward A (Bar) B (Clipart) C (Text) D (No Format) 
A (Bar) 0 1 9.98E-1 1.11E-2 

B (Clipart) 1.36E-8 0 4.51E-5 4.86E-11 

C (Text) 8.21E-4 1 0 2.26E-7 
D (No Format) 9.78E-1 1 1 0 
     

Brief A (Bar) B (Clipart) C (Text) D (No Format) 

A (Bar) 0 8.04E-2 1.53E-4 1.75E-1 

B (Clipart) 8.69E-1 0 3.95E-2 4.47E-1 
C (Text) 1 9.28E-1 0 8.04E-1 

D (No Format) 7.48E-1 4.47E-1 1.26E-1 0 
     

Boring A (Bar) B (Clipart) C (Text) D (No Format) 
A (Bar) 0 1 7.34E-1 4.01E-4 

B (Clipart) 1.02E-11 0 6.92E-8 4.54E-13 
C (Text) 1.74E-1 1 0 2E-8 
D (No Format) 9.99E-1 1 1 0 

 

- “No Format” means no special format was used to indicate this design factor. 

- As result of the sign test, values in this table represent the probability that a choice 

in a column elicits a target impression (such as “awkward”, “brief” or “boring” 

underlined in the table) more strongly than a choice elsewhere in a row. (This table 

shows “Title Format” as an example of the design factors). 
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server-based network. All the web pages for the experiment were stored in the server 
and given a URL. Every subject could access the server to browse the B2C web pages 
using a separate computer. In order to keep consistency between the experiments in 
Japan, China, and U.K, we selected a similar experimental environment in Japan, 
China, and U.K. We did the other two experiments in computer centers in Jinan 
University (South China) and Kingston University (U.K). 

4.2.4.2 Procedure 

The main study was conducted in several group sessions for a total of sixty-nine 
subjects in Japan. All subjects were students of two junior colleges. Most subjects had 
used Web browsers, but only few subjects had experience with browsing B2C web 
pages. The subjects were aged from nineteen to twenty-two. They showed great 
interest in Web pages. The eighty-nine Chinese subjects were third-grade students, 
aging from nineteen to twenty-three. They had greater Web experience than the 
Japanese subjects. The sixty-eight U.K subjects were first-grade students of the School 
of Computing and Information Systems, with an age range from eighteen to forty. 
However, the age of most subjects ranged from eighteen to twenty-four years. Only 
five subjects were over twenty-six year old. Chinese and UK subjects had richer 
experience in browsing the Word Wide Web than Japanese subjects. Most subjects 
belong to the same generation and were assumed to become potential customers of 
B2C electronic commerce in the near future.  

In all the CNNIC surveys beginning from 1997, young users aged 18-24 always 
account for the highest proportion, which is much higher than the other age groups. 
The results of the CNNIC 2002 survey show that student users account for the highest 
proportion of 26.2% among Internet users. Users with university education or junior 
college education account for the proportion of 55.5%. These features are in 
accordance with that of subjects in China.   

The procedure of the experiment was the same in all three countries. The subjects 
were given the nine questionnaire-pages and were specifically requested to mark their 
first impressions about the B2C web pages. The tasks were illustrated carefully to all 
subjects, and any questions from the subjects were welcomed throughout the whole 
experiment. After all the subjects understood their tasks, they were instructed to finish 
the first part of the questionnaire, which collects subject profile information. At the 
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end of this part, the subjects prepared for the next part. Every subject was asked to 
start Internet Explorer (IE) in his/her computer. In the next step, the subjects entered 
the URL to browse the web page that was designed as the work platform. 

The opening web page of the platform contained hyperlink buttons to the 
twenty-nine web pages with the eight design factors. On each page of the 
questionnaire, the subjects filled out their evaluation values for the seventeen 
impressions evoked by each web page that featured a specific design for that design 
factor. The subjects followed the instructions to open the web pages for the eight 
design factors. They compared all versions of B2C web pages that embodied one 
design factor, and filled out their impression values in the forms on the task sheets. 
This study provided three or four choices of web pages for each design factor. 
 

4.3. Analysis and results 
 
Sixty-nine Japanese questionnaires, eighty-nine Chinese questionnaires, and 
sixty-eight UK questionnaires were collected in the main studies. Although seven 

Table 11. Elicitation probability of impressions by  
the design factor: Title format 

 

Choices of Title format 
 

Impression 
Items A (Bar) B (Clipart) C (Text) D (No Format*)  

Awkward 1.11E-2 2.98E-23 1.85E-10 9.78E-1 
Not awkward 1.09E-11 1 4.50E-5 1.22E-19 
Brief 2.15E-6 1.53E-2 7.46E-1 4.23E-2 
Not brief 6.49E-1 3.33E-2 7.63E-7 6.28E-2 
Boring 2.94E-4 3.22E-31 3.49E-9 9.99E-1 
Not boring 1.78E-12 1 5.08E-8 3.65E-24 
Charming 2.32E-18 1 8.39E-13 2.05E-30 
Not charming 2.82E-5 2.95E-43 4.81E-13 1 

 

- “No Format” means no special format was used to indicate this design factor. 

- Values in this table show the probability that a choice can elicit an impression more 

 intensely than other choices of a design factor. For a given impression item, the most 

 effective choice in a design factor has the biggest elicitation probability value. 
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values were used to evaluate the intensity of subjects’ impressions, the difference 
among individuals in the intensity of their impressions both was important and 
unavoidable. Different subjects would have their own quantitative standard to express 
the intensity of the impression they felt in the studies. Since no definition was given 
for the numerical values of impression intensity, the mean value of impressions does 
not reflect the important individual difference. Sign Test was used to analyze the 
evaluation values of the impressions of the subjects from three cultures based on Level 
of Confidence. 

4.3.1 Sign test 

The sign test is a test that shows whether a tendency exists in matched pairs of data, 
such that one of the variables tends to have larger values than the other [13]. In 
matched pairs of variables, A represents one of the variables, and B represents the 
other variable. Then the values of A and B are compared for every matched pair of 
data. The number of pairs (L) for which A is smaller than B is taken as statistical sum 
of the test. The number of pairs (W) for which A is bigger than B is taken as statistical 
sum of the test. This test assumes that the probability that A is smaller than B is the 
same as the probability that A is greater than B. Here, W+L is the number of all 
matched pairs other than those where A is equal to B. The test is carried out with the 
above conditions. The probability P that the differences between data are significant is 
calculated by the following equation. 
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A procedure corresponding to above sign test definition and procedure was 
developed to fit the needs of the analysis of the impression values. The purpose of 
applying the sign test in this research is to identify the correlation between designs 
based on design factors and user’s impressions. In other words, we wanted to know 
which choice of design factors is most effective for eliciting various impressions when 
an audience interacts with a B2C web page. We also expected to discover the intensity 
of the impression effects caused by the various page designs. A model was constructed 
to apply the sign test to the results of the main study. Any two choices of given design 
factors were taken as matched pairs. In a selected matched pair, one choice of web 
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page, such as version “Bar” (Table 9), could be optionally taken as one of the variables, 
the other choice of web page, such as version “Text”, could be assumed as the other 
variable. The observation was labeled as strong/weak impressions elicited by the 
matched pair of two web pages. A hypothesis was suggested as follow: in terms of 
given impression factors, the version “Bar” of a web page could bring out a stronger 
impression than the version “Text”. The level of confidence R represented the 
probability that the hypothesis was correct. This equation (15) reflected the relation 
between level of confidence R and Significant Probability P. Equation (16) was used to 
calculate R. 
 

                  PR −= 1                                (15) 
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Here, W means the number of subjects who thought that the version A (web page) 
elicited a given impression intensely than version B did. L means the numbers of 
subjects, who thought that the version B elicited a given impression intensely than the 
version A did, in terms of that impression factor. The values of W and L in terms of a 
given impression could be gained from our experiment results. The equation would 
then be used to calculate the evoking probability values of 17 impression factors with 
respect to choices of the eight design factors (shown in Table 10). The evoking 
probability indicates for two given choices A1 and A2, the probability that A1 elicits a 
given impression more intensely than A2.  

Table 10 shows a part of the evoking probability values based on the experiment 
results in Japan. The complete evoking probability values of an experiment include 
seventeen sub-tables corresponding to the seventeen impression factors for each 
design factor. Only a part of the original table is shown here due to a lack of space. 
Table 10 consists of three independent sub-tables for three target impression factors 
“Awkward”, “Brief”, and “Boring”. In Table 10, the choices of design factor of “Title 
format” include A (Bar), B (Clipart), C (Text), and D (No Format). Among the four 
choices, the evoking probability was calculated with respect to each pair of two 
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choices. In each sub-table, the left top column of each sub-table shows the target 
impression factor in bold font. The values in the sub-table indicate the probability that 
one optional choice in the left column such as “No Format” evoke a given impression 
with higher intensity than another optional choice in the top row such as “Text”. Note 
that the value of one in Table 10 is just an approximate value influenced by the 
calculation precision of the used spreadsheet system. The values in Table 10 merely 
reflect the more/less relation for each pair of choices in terms of a given design factor. 
One choice that evokes a given impression more/less intensely is one more or less 
effective choice. The values in Table 10 could help to find out the most/least effective 
choice in a given design factor. 

Based on the values of Table 10, we calculated the elicitation probability values 
(shown in Table 11) that a given choice elicit a target impression with the highest 
intensity than all other choices of a given design factor. The elicitation probability 
values were calculated by using the multiplication principle of independent 
probabilities shown in Table 10. Table 11 shows an example of the elicitation 
probability values. The complete elicitation probability values of an experiment 
include seventeen impression items for each design factor. Only a part of the original 

Table 12. Proximate value of elicitation probability of  
      choices in design factor: Background color 

 

Choices of “Background color” Impression 
Items A (White>1/2) B (White<1/2) C (Color I) D (Color II) 

Brief 3.77E-1 5E-1 5.84E-8 1.26E-10 
Not boring 1E-20 2.79E-4 4.32E-1 3.77E-1 
Epochal 1.47E-12 1.64E-3 4.82E-1 3.13E-1 
Exciting 7.98E-24 1.02E-6 6.81E-1 2.13E-1 
Likable 2.30E-11 5.26E-1 2.88E-1 2.07E-3 
Opulent 4.56E-14 3.51E-5 6.77E-1 2.10E-1 
Progressive 2.30E-13 9.29E-3 5.08E-1 2.35E-1 
Simple 3.23E-1 5.55E-1 2.59E-6 2.17E-8 
Witty 2.64E-10 2.21E-1 2.20E-1 1.34E-1 

 
- The underlined bold italics indicate corresponding choices in this design factor have  

proximate probability to elicit a given impression shown in the left column. 
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table is shown here due to a lack of space. In Table 11, the four numerical values in the 
row of “Awkward” indicate the probability that a given choice of "Title format" elicits 
the "awkward" impression with the highest intensity in the subjects. For example, the 
italicized numerical value of 9.78E-1 indicates the probability that the "D (No 
Format)" choice could elicit the “Awkward” impression with the highest intensity 
among the four choices of the design factor "Title Format". 

In the row for “Not awkward” in Table 11, the italicized numerical value of one 
indicates the probability that the "B (Clipart)" choice could elicit the "not awkward" 
impression in the subjects most intensely among the four choices of "Title format”. 
The value of one in Table 11 was also an approximate value influenced by calculation 
precision of the used spreadsheet. Therefore, the conclusion of the above analysis for 
the design factor of “Title Format” is that a designer of B2C web pages should apply 
the “Clipart” choice in a B2C web page to elicit the impression of “not awkward” in 
audiences. Moreover, the "No Format" version is the worst option for the design factor 
"Title Format" because the “No Format” version will probably elicit an "Awkward" 
feeling among the audience. 

4.3.2 The most effective choice of eight design factors 

Table 11 shows an example of the analysis result that explains the mutual relation 
between the thirty-four impression items (the seventeen factors and their antonyms) 
and the eight design factors. This example includes the most effective choices of the 
eight design factors. The probability values of one reveal the correlation between 
impressions items and the corresponding web page versions representing the choices 
of eight design factors. If this relation can be regarded as causal relation, the findings 
of this research can be used to construct an interacting model for B2C web page 
design in terms of target impressions of audiences. When B2C web page designers are 
aiming at a given audience impression, they can refer to the research results that show 
the relation between the visual design of a B2C web page and the audience 
impressions. 

The most effective choices of the given eight design factors were discussed above. 
The ranking of choices for a given impression item was determined by the elicitation 
probability values of each choice (Table 11). In Table 11, the differences among the 
elicitation probability values of various choices were significant. Therefore, it is easy 
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to rank the various choices in the order of the elicitation probability with respect to the 
various impression items. The ranking also indicates an order of choices for a given 
design factor when a B2C web page designer wishes to achieve a target impression in 
visual page design.  

In fact, the probability values in a given row in Table 11 happened to be 
significantly different in terms of the design factor “Title format”. For other design 
factors, the analysis result will be slightly different. As an example, Table 12 shows a 
part of the elicitation probability values for the choices in the design factor 
“Background color”. Unlike the values in Table 11, the differences of the probability 

 

     

 

 

 

Table 13. The best choices of eight design 
factors for each country 

Design factors China Japan UK
Title format B B B 
Title position A A A 
Menu size AB A A 
Clipart size AB A B 
Main color A C C 
Background color D * * 
Color brightness B B B 
Color harmonization A A * 
     
* This mark means that statistically there is not best 
 choice considering significant difference.  
 

Table 14. The worst choices of eight design 
factors for each country 

Design factors China Japan UK
Title format A D D 
Title position CD D CD
Menu size D D D 
Clipart size D D D 
Main color B B B 
Background color A A C 
Color brightness C C A 
Color harmonization B B B 
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values for these choices are not significant. Therefore, it appears to be more difficult to 
rank the various choices according to the probability values. From the view of the 
design of B2C web pages, the most effective choice or the ranking of choices derived 
from Table 12 are not obvious because of the proximate value of the elicitation 
probability of choices in the design factor “Background color”. 

Doubtless, it will be difficult for a designer to choose a choice for the visual design 
of a B2C web page when two or three choices of a design factor have no significant 
differences, such as the two values of 2.21E-1 and 2.20E-1 in the bottom row of 
"witty" in Table 12. In other words, the choice of “B (white<1/2)” or “C (Color I)” 
will have almost the same probability of eliciting the impression of "witty". On the 
other hand, the differences among the other choices embodied in a design factor 
should be considered too. For example, suppose that A and B are the first and the 
second choice of a design factor respectively, and the difference between A and B is 
not significant. Web designers usually select A. However if the choice A causes a 
practical problem, e.g. an increase of cost or loading time, then the choice B can be a 
substitute. Therefore, it is useful for B2C web designers to consider not only the first 
choice but also the second and any other choices if the differences among them are not 
significant. 
  In particular, two choices with proximate probability values can be used as 
substitute for each other in order to elicit a target impression. In Table 12, the 

Table 15. The best and worst choices of eight design factors  
for China, Japan, and UK 

 

Choices of design factors Design factors 
A B C D 

Title format Bar Clipart Text No Format  
Title position Top Middle Bottom No Format  
Menu size >1/16 >1/32 >1/64 No Format  
Clipart size >1/2 >1/4 >1/16 No Format  
Main color Primary Pastel No Format - 
Background color White>1/2 White<1/2 Color I Color II 
Color brightness High Medium Low - 
Color harmonization harmonized Multiple Single - 
- Choices meshed are the best for at least one of three countries. 

- Choices crossed out are the worst for at least one of three countries. 
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proximate relation of choices was indicated by emphasizing the values of proximate 
choices in bold font. Consider the impression item “Brief” in Table 12 as an example: 
the values of 3.77E-1 and 5E-1 indicate that the choice “B (white<1/2)” can elicit the 
“brief” impression more easily than the choice “A (white>1/2)”, however the 
difference between the eliciting probabilities is small.  

4.3.3 Comparison of the results from three countries 

Based on prior statistic analysis, Table 13 shows the best choices of design factors for 
each country, whereas Table 9 shows the worst choices of design factors for each 
country. In Table 13 and Table 14, A, B, C and D represent the choices of eight design 
factors in Table 14. The results in Table 13 and Table 14 are gained based on the 
results of the sign test with 95% confidence level. The “*” mark in Table 13 indicates 
that statistically there is not a best choice considering the significant differences. The 
best or worst choices theoretically depend on the given impression factor. For example, 
the choices “AB” were shown in the cell in the “China” column across the “Menu 
size” line of Table 13, the choice “A” of the design factor “Menu size” is the best 
choice when the target impressions are “Opulent” and “Reliable”. However, the choice 
“B” becomes the best choice when the target impressions are “Charming” and “Not 
boring”. In such a case, we denoted two best choices (like “AB”) in Table 13 and 
Table 14. According to the results in Table 13, an “ideal” B2C web page for Chinese 
subjects is shown as Figure 13 in terms of the target impressions such as exciting, 
soulful, and witty.  

Furthermore, Table 15 shows the best and worst choices of design factors for China, 
Japan, and the UK based on the results of Table 13 and Table 14. Choices in meshed 
fields are the best for at least one of three countries. Choices crossed out are the worst 
for at least one of three countries. With the exception of the design factor “Background 
color”, the original choices (underlined) are the best for three countries. For 
“Background color”, choice “Color II” is the best for Chinese and not the worst for 
other two countries. Although we cannot conclude that “Color II” is the best 
“Background color” for all subjects in three countries, however the result reveals it is 
possible that the original page can be improved by changing the background color.  
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Figure 13. The “ideal” B2C web page for Chinese subjects 

Barber et al. contend that culture and usability are intertwined into a single entity: 
culturability where cultural preferences and biases affect the degree of the friendliness 
of an interface such as background color, graphics, and spatial orientation. For 
instance, the Japanese associate white color with death. In Chinese culture, the red 
color represents happiness [2]. This research result also suggests different color and 
spatial effect in impression across culture. 

4.3.4 Comparison based on genders and countries 

In order to consider gender difference in subjects from three countries, choices in experiment 
results were analyzed as figure 14 shows. In this thesis, only best choices are analyzed because 
of page space. There are seventeen impression factors and eight design factors in this study. 
There are one hundred and thirty-six best choices for each group of subjects. The percentage 
of same best choice between different groups is used to describe consistency among groups. 
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Figure 14. Comparison based on genders and countries 

Comparisons among J, C and U

The subjects from different country are classified in male (m) and female (f) group. J, C, and 
U represent Japan, China, and United Kingdom in figure 14. Thus, there are six groups 
respectively represented as Jf, Jm, Cf, Cm, Um, and Uf. The value in figure 14 shows the 
percentage of same best choices among compared groups. Among the six groups based on 
three countries, the percentage of the same best choices is 24%. The other percentage values 
(from small value to big value) are shown in Figure 14 from left to right (29% among Cf, Cm, 
Um, and Uf, 74% between Cf and Cm.). Figure 14 shows a tendency in all subjects that 
cultural difference influence impressions more than gender difference does. 

 
4.4 Conclusion 
 
Based on the improved experimental design in comparison to previous research [20], 
this research confirms the causal relation between impression and visual design of a 
B2C web page. The analysis results uncover the probability ranking of choices in eight 
design factors in terms of target impression. An interesting finding of proximate 
choices suggests a possible trade off in the visual design of a B2C Web page. 
Generally, subjects of three countries have common first impression on design factor 
of “Title format”, “Title position”, and “Color brightness”. The subjects have different 
first impression on other five design factors. 
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We have conducted studies in three countries to evaluate the relation between 
audience impressions and the visual design of B2C web pages. The results indicate 
that different B2C web page designs will elicit related impressions in Japanese, 
Chinese and UK subjects. Moreover, the elicitation probability differs between 
different visual designs related to different target impressions. This can help the 
designer to understand interactions between audiences and the B2C web pages of an 
EC web site. The research demonstrates that a specific choice of design factors applied 
to B2C web pages elicits positive or negative audience impressions. The research also 
provides the more important conclusion that we can trade off different design options 
to create an optimal visual design that can realize various target impressions. 

The result shows the proposed method in this chapter can point out usability 
problem about first impression easily and supply definite solution. Table 9 in section 
4.2.1 indicates the eight choice of the original B2C web page by underlined way. 
According to the study result, the best choices of Japanese subjects are mostly in 
common with the original design except “background color”. This shows the proposed 
method can detect usability problem easily. Moreover, the solution is clear: to change 
the choice from original “White>1/2” to “Color I” based on the study result. 

Generally, the comparison of impressions of subjects from Japan, China, and the 
U.K shows most design factors can elicit the same impressions in three groups of 
subjects from different culture. This result suggests that many problems in the visual 
design of B2C web pages have general solutions even in terms of international use. 
The comparison of the evaluation of impressions based on three groups of subjects 
shows that some design factors have special culture-dependent characteristics. For this 
kind of design factor, the optimal design or improvement of B2C web pages (e.g. in 
multilingual website of global company) must consider the localization in visual 
design. Japan’s culture had been affected by China’s culture since ancient times; 
Japan’s culture was also affected by European culture since the Meiji era. It is assumed 
that this impact on Japan’s culture may be reflected in this research, e.g. the best or 
worst choices in the Japanese results are expected to be more similar to the Chinese 
results than to the results obtained in the UK. The assumed tendency was not 
confirmed by the results of the current study (Table 13, Table 14). 

Of course, there are still some limitations in this research that will be addressed in 
the future. We applied eight design factors and seventeen impression factors to 
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construct an evaluating system of impression usability based on the related research 
and preliminary studies. However, with the further development of web page design 
techniques, it is necessary to integrate new design factors into further research. 
Moreover, B2C web pages have to address different target customers and cultures, 
which require the web designer/developer to adjust the impression factors to achieve 
their usability objective. Although the seventeen impression factors and the eight 
design factors may not fit the needs of some visual designs of B2C Web pages, given 
the novel developments of the World Wide Web technology, such as Flash animation 
or other visual effects based on DHTML technology. Whereas the eight design factors 
used in this study are essential components even in today’s B2C page design, those 
new design factors may be considered in future research.  

To improve good impression usability for B2C EC web pages, a web designer 
should have a concrete objective of impression usability and clear choices of design 
factors in mind. Designers can use the approach described in this paper to identify 
causal relations between their design factors and target impressions. This can be 
achieved in three stages. Designers should 

 Decide about the target impressions and available design factors.  
 Select appropriate subjects from target customers based on design usability 

testing.  
 Conduct the experiment and clarify the causal relations between given design 

factors and impression factors.  
They then can realize the actual B2C web page design based on good practice of 

usability. 
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5. Summary and Future Works 
 

5.1 Summary 
 
This thesis consists of three studies of evaluation methods for software usability. In the 
first study, a method is proposed for evaluating software usability by measuring 
subjects’ brain waves. This method contains inducing phase and evaluating phase. 
Preliminary experiment and main experiment were conducted to certify effectiveness 
of the proposed method. In the preliminary experiment, patterns of the subject’s brain 
waves are induced and measured when the subject uses reference software. The 
messages or functions of the software menus were changed to evoke the user’s 
emotions related to software usability. In the main experiment, the subjects’ brain 
waves were measured when the subjects use the target software of evaluation. The 
result confirms that the change in emotion is reflected in the subjects’ brain waves. 
Consequently, the experiment confirmed that four out of five subjects statistically had 
a significant difference between the brain waves when the evaluated software was 
“easy to use” and the brain waves when the software was “difficult to use”. The 
proposed method based on “Type II” improves usability evaluation efficiency in nearly 
three times than that of exsiting methods. 

The second study proposed a hypothesis that set up a causality relation between 
metrics applying information of user's gazing points and usability problems. The 
hypothesis is that in case that user’s gaze point moves longer distance in a given web 
page, there is “difficult to use” problem in the page. Moreover, in case that users’ gaze 
point moves slowly, there are usability problems in text of the web page. This 
hypothesis was suggested to detect quantitatively the characteristics of usability 
problems in given web pages. An experiment with five subjects was conducted. After 
analyzing the browsing history of the subjects, result was found to support the 
hypothesis. The result of this study is helpful to set up a quantitative model to evaluate 
web usability in future work. 

In the third study, in comparison to previous work, the experimental procedure was 
greatly improved to lead to results with higher reliability. In addition, this study 
considered the impressions of Japanese, Chinese, and English subjects to investigate 
differences and consistencies in impressions, which are based on the underlying 
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culture. Three experiments based on self-report questionnaires were conducted in 
Japan, China, and the U.K. The experiments measured the subjects’ impressions of 
various B2C web pages that showed eight design factors. The evaluation values for 
seventeen impression factors and their antonym terms were collected in the 
questionnaires. The experiment results show a significant difference in subjects' 
impressions corresponding to changes in design factors. Moreover, the result shows 
cross-cultural consistencies in various impressions but also several differences 
between the subject groups. The proposed method can point out usability problem 
about first impression easily and supply definite solution. 

In this thesis, application of quantitative data makes the proposed methods show 
efficient and effective good point proved by experiments. These new evaluation 
methods of software usability can improve evaluation efficiency by decreasing 
evaluation time and professional skill demands. The proposed evaluation methods also 
supply new viewpoint to solve the problems in existing evaluation methods.  
 

5.2 Future works 
 
Usability evaluation will take more and more important role in information technology 
progress. Present evaluation method shall be improved to catch up with the progress of 
technologies. Each evaluation method of software usability has both good and bad 
points. In this thesis, three studies proposed improvement to the usability evaluation 
methods. Brain wave, gaze point, and first impression were firstly proposed to use in 
usability evaluation. Experiments results show the efficiency of these new proposals. 
However, there are many works to do in the future to bring the proposed methods to 
completion. Such as more proposals of quantitative metrics and experiments with 
more subjects is necessary. In addition, the future work includes refining the 
evaluation procedure, as well as comparing the proposed method with other available 
methods. 
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