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Abstract. Our goal is to point out usability problems in web pages in order to 
improve the web usability. We investigate the relation between user interaction 
behaviors in web-viewing and evaluation results of web usability by subjects. 
And we extract discriminative patterns for user interaction behaviors in visited 
web pages with low usability by using the PrefixSpan based subsequence 
boosting (Pboost). 
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1   Introduction 

The usability of web sites is important because it reach sales and user interest. To 
improve usability, methods for evaluating web sites pages are required. A well known 
one is usability testing. In this method, multiple subjects actually visit the target web 
site and evaluators then analyze the interactions. The evaluators often discover 
unpredictable problems with the web site. To date, usability testing evaluators have 
used recording devices such as a video tape recorder and voice recorder to record the 
subjects’ interactions. They have interviewed subjects asking them several questions 
about the web site usability in order to collect subjects’ evaluations. Usability testing 
has a problem that evaluators must spend a huge amount of time on the interview and 
analysis replaying the recorded data.  

Our goal is to identify problems on web pages that have low usability in order to 
reduce such prodigious labor for evaluators. We investigated the relation between 
user interaction behaviors in web-viewing and the subjects’ evaluations. And we 
extracted discriminative patterns for user interaction behaviors in viewing low-
usability web pages by using PrefixSpan-based subsequence boosting (Pboost)  
[S. Nowozin: 2007]. 

For our future tasks, we should do a lot of tests because we can evaluate the 
usability of web sites more easily. It is expected that the interaction that causes the 
new problem of usability can be discovered. 
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2   Related Works 

In this chapter, we describe methods of supporting evaluation objectively using 
quantitative data such as browsing time, mouse movement and eye movement.  

Laila [Laila and Fabio 2002] analyzed the execution situation of a task from a 
user's operation event recorded by Java script. They supported the analysis based on 
quantitative data, such as page reference time and task execution time. They analyzed 
the usability of a Web page based on task execution time totaled for every Web page. 
Okada [Okada and Asahi 1999] developed the GUI-TESTER which extracts a 
common operation pattern from two or more users' operation history. If the tool is 
used, the operation pattern for mistaken operation can be extracted. And when the 
moving distance of a mouse cursor is long and an operation time interval is long, they 
suggest a possibility that a screen layout is bad. 

WebTracer [Nakamichi et al. 2007] can collect the operation log of users on the 
Web pages. Collectable data include the information on users’ sight line (the 
coordinates of the gazing point on the computer screen), operation log of a mouse, 
and the displayed screen images, together with their time information. The data 
collected by WebTracer characterize Web pages and have the possibility of being 
used for supporting the usability evaluation. However, the relation between such data 
and the problems in the Web usability was merely an example of the characteristics of 
the Web pages. Quantitative evaluation of the relation to the usability of Web pages 
was not done. 

Heatmaps from user eyetracking studies based on fixations are used for observing 
in detail. Nielsen found that users' main reading behavior was fairly consistent across 
many different sites and tasks. [Nielsen 2006]. Eyetracking visualizations show that 
users often read Web pages in an F-shaped pattern: two horizontal stripes followed by 
a vertical stripe. Specialists may evaluate using eyetracking heatmaps. However it 
doesn't lead to the cost reduction of the web usability evaluation. 

Eye-tracking methodologies are applying in the domain of Web search because 
gaze can be used as a proxy for a user’s attention. Eye-tracking measures include 
pupil dilation, fixation information, and sequence information such as scan paths 
[Guan and Cutrell 2007]. They relied on measures related to gaze fixations with a 
minimum threshold of 100 ms in areas of interest. They found that as they increased 
the length of the query-dependent contextual snippet in search results, performance 
improved for informational queries but degraded for navigational queries. Analysis of 
eye movements showed that the decrease in search performance was partially due to 
the fact that users rarely looked at lower ranking results. Matsuda measured users’ eye 
movements during web search tasks to analyze how long users spend on each result of 
the results pages [Matsuda et al. 2009]. They found the results displayed on the 
bottom of the page were viewed for a shorter time than the results displayed on the 
top of the next page.  

In these conventional researches, the specialist had discriminated usability only 
using certain quantitative data. However, the effectiveness of combinational data was 
not verified statistically. 
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3   Experiment of Usability Testing 

3.1   Quantitative Data of Users' Behavior 

Browsing time, mouse movement, and eye movement are the quantitative data about 
users' behavior mainly used for web usability evaluation. This experiment recorded 
the interaction data for every Web page. Here, the interaction data is a record of the 
user’s behavior during browsing such as “Where on the page is the user looking?” and 
“Where is the user’s mouse cursor?”. In this study, it adopts PageView (PV) as the 
count way of the Web page. We count the Web page which required of once with the 
browser and read from the web server as 1PV. 

The interaction data is the vector which composed of the gazing point coordinates 
and the mouse cursor coordinates on the whole time of a subject browsing web 1PV. 
Gazing point is the point at the intersection of the users' look with the target screen. 

3.2   Experimental Environment 

The experiment environment used by this research is as follows. 

• Display: 21 inches (Viewable screen size: H30 x W40cm ) 

• Device for measurement of sight line: NAC, EMR-NC (View angle: 0.28, 
resolution on the screen: approx. 2.4mm) 

• Recording and playing of sight-line data: WebTracer (Sampling rate: 10 times per 
second) 

WebTracer [Nakamichi et al. 2007] is an environment for recording and analyzing 
the users' operations in Web pages.  

3.3   Experimental Procedure 

We experimented with usability evaluation in the following procedures to five tasks. 
Subjects are 15 frequent users of the Internet. They have never visited the sites used 
in the experiment. We requested the subject to perform five tasks of looking for the 
starting salary of a master from the site of five companies, as a main experiment.  

Procedure 1: The Web page for an experiment linked to the top page of each 
company is displayed by a subject. And the experiment is started from the time of a 
subject clicking the link. 

Procedure 2: While subjects are doing the tasks, several types of quantitative data 
are recorded using WebTracer.  

Procedure 3: The Web pages that subjects visited are displayed. We requested the 
subject to choose the ease of use for every visited Web page from the following five 
levels. We defines a low usability page as a page that a subject choose "hard to use" 
from four levels of the questionnaire. 
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1. Hard to use 
2. Relatively hard to use 
3. Relatively easy to use 
4. Easy to use 

Procedure 4: We reproduce the operation history recorded by WebTracer, and a 
subject checks all the visited Web pages. At that time, we interviewed the subjects 
about the situation of their search. 

We recorded the quantitative data for 275 pages which the subjects visited. We 
were not able to record correctly about 12 pages of them. The cause is a frequent 
blink and head movement. Moreover, there were 8 pages which the subjects answered 
"don’t know" about the usability of the Web page. We measured the quantitative data 
in 263 pages except these pages: 20 pages of them were class 1 (hard-to-use group) 
and 243 pages were class 0 (other evaluation group). 

4   Pattern Extraction Using Pboost 

4.1   Pboost 

We used Pboost to extract interaction patterns that were able to discriminate a web 
page evaluated as having low usability from other pages. Pboost was originally 
developed for sequential data classification which was proposed by Nowozin [9].  

We assume that “S” is whole interaction pattern, and “s” is subspace of interaction 
pattern “S”: Ss ∈ . The input data nx  is a vector of interaction data of a web page 

“ n ” ( ln 1= ). And class label }1,1{−∈ny  is input data too. Discriminant function 

)(xf  is follows: 
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Where, ωα ,s  is called weight for pattern s . ),;( ωsxh  are hypothesis function, an 

extra variable ω  can decide for either class decision. To obtain an evaluable 
discriminant function, we need solve the optimization problem that formulated as 
linear problem. Using PrefixSpan algorithm as clever search strategy, we can solve 
this problem optimally.  

4.2   Input Data 

The interaction data with a class label is used as input data for Pboost. For the class 
label, we asked the subject to choose the ease of use for every visited web page from 
four levels: (1) hard to use, (2) relatively hard to use, (3) relatively easy to use, and 
(4) easy to use. We defined class 1 for low-usability pages for which a subject chose 
(1) and class 0 for the other pages as the other evaluation group. 
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Table 1. 10 criteria of dividing equally a screen 

Criterion No. Number of dividing 
equally a screen 

Size of the division cell 

1 2  512 pixel ×  768 pixel  
2 2 1024 pixel ×  384 pixel 
3 4 512 pixel ×  384 pixel 
4 12 256 pixel ×  256 pixel 
5 25 205 pixel ×  154 pixel 
6 48 128 pixel ×  128 pixel 
7 100 102 pixel ×  77 pixel 
8 192 64 pixel ×  64 pixel 
9 400 51 pixel ×  38 pixel 

10 768 32 pixel ×  32 pixel 

 
Meanwhile, it is possible to use only the data of the discrete-value as the input-data 

of Pboost but our recorded data is a continuation value. Due to this, we need to 
transform the interaction data from continuation value into discrete-value. First, we 
divide a screen into some the same size. Next, we give an integer value to each 
division cell. Lastly, it makes the coordinates of our recorded data correspond to the 
integer number of the contained cell. However, in this way, "the similarity between 
data" which could be expressed in the original coordinate-value cannot be expressed. 
Therefore, we used 10 criteria when dividing equally a screen. Then, we gave 10 
values which were put by those 10 criteria to one interaction data. Table 1 shows 
these 10 criteria. 

We show the example which was transformed into the integer value using these. In 
case of the interaction data such as )1,250,1,250(),,,( =mousemouseeyeeye yxyx , the 

changed integer value vector becomes [1, 1003, 2001, 3001, 4002, 5002, 6003, 7004, 
8005, 9008, 10001, 11003, 12001, 13001, 14002, 15002, 16003, 17004, 18005, 
19008]. This vector consists of 20 elements about viewpoint and mouse cursor. When 
changing in this way, we can express " the similarity between data" as the number of 
the same elements of vectors. 

We use the data which did such a change as the input data for Pboost. Our method 
using Pboost has two advantages: (i) the evaluator does not need to replay recorded 
data in order to analyze the subjects’ interactions and (ii) the subjects’ only need to 
answer simple questions and the burden on them is small. 

5   Experiments 

We extracted user interaction patterns for the Web page with low usability. All the 
data was used as input-data to train Pboost. We could completely classify the 
interaction data by using Pboost and extracted the interaction patterns. Total numbers 
of patterns extracted were 76, of which 40 were positively related to the identification 
of class 1 and the remaining 36 were related to class 0 identification. Figure 1 and the 
2 show 10 visualized extraction patterns for each class. 
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Fig. 1. Top 10 of the interaction pattern which has an influence on the direction which is 
identified by class 0 

In the Figure 1 and 2, 10 patterns are showed at the longitudinal-direction. Also, 
“the condition” transition of each pattern is pictured in the crosswise direction. The  
outer frame with the scale shows the whole screen, the black square frame shows the 
area which a viewpoint is contained in and the gray chain line frame shows the area 
which the mouse cursor is contained in. Now, “the condition” is that a view point or 
the coordinates of the mouse are stored in the area in the screen. Moreover, it counts 
even if it doesn't transfer continuously between each condition and the condition. iα  
shows the strength of the influence of each pattern. The bigger iα  is, the stronger the 
influence is. 

These relations were found from the weight values for the interaction patterns in 
the discriminant function of Pboost. Many of the interaction patterns included mouse 
information. 
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Fig. 2. Top 10 of the interaction pattern which has an influence on the direction which is 
identified by class 1 

6   Conclusion Remarks  

By using the proposal method, we were able to extract a total of 76 interaction 
patterns for the hard-to-use group and other evaluation group. Our method does not 
need the evaluator to reproduce of subjects’ interactions and is effective at reducing 
the evaluator’s load. Moreover, subjects only need to answer simple questions. 
Therefore, the method is effective at reducing the subject’s load. 

Figure 3 show two discriminant-function values )(xf  of Pboost when a user 

browses a “hard to use” page (class 1) and an “easy to use” page (class 0), where the 
horizontal axis shows browsing time and the vertical axis shows a discriminant-function 
value. If the discriminant-function value of a page i  is 0)( ≤ixf  , it is classified into 

class1. We see from Figure 3 that this page was judged “hard to use” page 6 seconds 
later after beginning to browse it. Thus, we can understand when the web page was 
judge into “hard to use”.  
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Fig. 3. Line graph of discriminant-function value 

In addition to that it is possible to do extraction interaction patterns by using the 
proposed method, it is possible to understand when or why the user feels that the web 
page is “hard to use”. 
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