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ABSTRACT 
The Web has become available even on mobile phones, but 
the current methods to view large pages on small screens 
have not been highly usable. Current mobile phone 
browsers reformat Web pages to a single column that fits 
the screen width. Because not all content is comprehensible 
in this format, browsers provide a second mode for viewing 
pages in the same layout as on a PC. We have developed a 
modeless Web page visualization method called Minimap 
that shows pages in a modified Original layout. We 
conducted a long-term usability study with 20 participants 
to compare the state-of-the-art mobile phone browser with 
this new method. 18 participants preferred the new method, 
and it also scored better in more detailed usability ratings. 
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INTRODUCTION 
Most people think it is a ludicrous idea to view Web pages 
on mobile phones because of the small screen and slow 
connection. We partly agree. There is no doubt that Web 
content formatted specifically for small screen devices is 
more usable on mobile phones than content designed for 
large desktop screens. Sometimes, however, a user needs to 
access the full Web page because the information s/he 
needs is available in a full Web page only, or because s/he 
simply does not know the URL of the mobile friendly site. 
A large Web page might be needed to find the link to a 
mobile site. This means we need to provide the user the 
possibility of browsing full Web pages, but we must not 
forget that the browser should show mobile sites as 
originally designed. 

Although many mobile phones today are still too limited for 
Web browsing, high-end phones do provide good quality 
color displays of 170x200 or more pixels, which enable 
showing full Web content on the screen. Many high-end 
phones support 3G (3rd generation mobile phone 
technology) or even WLAN (Wireless Local Area 
Network) connections, greatly reducing the response times 
in browsing.  

In addition to the limited screen size and connection speed, 
there is a third challenge for Web browsers running on 
mobile phones: the lack of a pointing tool (e.g. mouse or 
stylus).  Most mobile phones provide an input device that 
allows 5-way functionality: vertical and horizontal 
movement plus a press as the select action. To select an 
object on the screen, e.g. a hyperlink, with this 5-way 
control requires moving the focus to the wanted object with 
vertical and horizontal movement and then pressing the 
control. The same control should be used for scrolling the 
view, so in the most intuitive implementations scrolling and 
focus moving is done simultaneously. 

Zooming is sometimes suggested as an intuitive solution for 
viewing large content on small screens. Most mobile 
phones do not, however, provide a dedicated key for 
zooming, so zooming would need to be hidden behind some 
number key or it would be a mode. Neither of these options 
is satisfactorily usable for a visualization method that would 
rely on zooming as a solution. 

Looking to the future, device capabilities will increase and 
so will the number of phones that are capable of providing a 
decent user experience for mobile Web browsing. Most of 
the new Internet users will come from developing countries, 
and for many of these users, the mobile phone will be their 
only access to the Web. Because of these developments, 
Web access via mobile phones will be an increasingly 
common use case in the near future. 

PRIOR ART 
Browsing full sized Web content on a mobile device is like 
viewing a desktop screen through a paper towel tube – it is 
hard to know where the target content is located and one 
easily gets lost. Information visualization science has 
produced various methods for showing large content on 
small screens [15]. The key is to provide both focus view to 
show readable content in detail and context view to provide 

 
Permission to make digital or hard copies of all or part of this work for 
personal or classroom use is granted without fee provided that copies are 
not made or distributed for profit or commercial advantage and that copies 
bear this notice and the full citation on the first page. To copy otherwise, 
or republish, to post on servers or to redistribute to lists, requires prior 
specific permission and/or a fee. 
CHI 2006, April 22–27, 2006, Montréal, Québec, Canada.  
Copyright 2006 ACM 1-59593-178-3/06/0004...$5.00. 

CHI 2006 Proceedings  •  Mobile Surfing and Effects of Wearables April 22-27, 2006  •  Montréal, Québec, Canada

35



 

 

orientation information on the 
large data space. In the 
overview + detail methods, an 
overview and the detailed 
view are provided separately. 
The views can be visible at 
the same time either in 
different locations [16,20], 
with partial overlap [7], or the 
views occupy the same area 
and the user switches the view 
when needed [12,13]. Trans-
parency can be used to show 
both views at the same time at 
the same location [11]. 
Fisheye view is a nice 
modeless solution to show 
both focus and context in a 
single view [8], but requires 
more processing power than is 
available on current mobile 
phones. 

The researchers have taken 
the challenge and invented 
various methods addressing the screen size 
and connection speed problems in full Web 
browsing on handheld devices. Many of these 
methods require a device with a medium-
sized screen, such as a PDA (Personal Digital 
Assistant) [1,3,19,20,21] and some count on a 
pointing device i.e. a stylus [1,5,7,10,13]. A 
few methods are specifically designed for 
truly small, even black-and-white screens and 
for a slow CSD (Circuit Switched Data) 
connection [17]. Especially devices with 
limited memory benefit from methods that 
split the pages into smaller pieces and try to 
identify the main content on the page 
[1,4,6,17,21]. However, it is very hard, if not 
impossible, to automatically identify logical 
pieces of content on all the various layouts 
and types of Web pages. There are also 
interesting zooming solutions taking 
advantage of the fact that overview is mostly 
needed while scrolling [9]. Solutions such as 
that are likely to also work fine on mobile 
phones without a pointing device, but we still 
have to wait for more processing power to 
enable these to work smoothly.  

A vast majority of current commercial Web 
browsers on mobile phones provide two 
alternative methods to view a Web page: an 
Original layout and a Narrow layout [14]. 
The Original layout shows the page as it is 
shown on a PC, in the form that the page 
author originally designed it (Figure 1). The 

 

Figure 1. (above)  
Original layout of a Web page (www.nokia.com/research). 

Figure 2. (on the right)  
Narrow layout of the same Web page. 

Figure 3. (below)  
Minimap layout of the same Web page. 

The frame on top of each figure depicts the viewport size. 
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benefit is that the page looks familiar and the position of 
content is easy to find on familiar pages. The drawback is 
that text columns are very hard to read if they extend 
beyond the screen width. If the page contains a lot of white 
space, the user may have to scroll through empty areas and 
the feeling of being lost is even stronger. 

In Narrow layout, the content is formatted to fit the screen 
width (Figure 2). Although different browsers use a bit 
different algorithms to produce the Narrow layout, the basic 
rules are the same. The order of content follows the order it 
is presented in the markup file, the first piece of content on 
top of the following piece. Text is wrapped and large 
images are scaled down to the screen width. The benefit is 
that text is always easy to read, and the content is compact 
with not much white space. It is also straightforward just to 
scroll down the content. However, there are many 
drawbacks to Narrow layout. 

First, content that should remain wide, such as maps and 
data tables, are often impossible to read in Narrow layout. 
This is because the text and other fine details in images 
become too small and distorted after scaling them down to 
fit the screen width, and the row-wise content of data tables, 
e.g. timetables, are flowed on top of each other, losing the 
meaning of the table. 

Second, the user cannot navigate by location of the content, 
because one never knows where the content in the Original 
layout appears in the Narrow layout. It is also very hard to 
identify the main content on the page. While scrolling down 
the content, one needs to pay constant attention to all 
content scrolled by to identify the interesting piece of it. 

Third, it is sometimes very hard for users to realize that 
after clicking a link the page really changes to another page. 
On most sites, the top content always includes the same 
data, such as logos and lists of navigation links. If the user 
selects one of the links on this list, the beginning of the next 
page looks exactly the same as the previous one, and often 
the previously selected link is on the list just like before. 
The user thinks he did not manage to activate the link and 
clicks it again, and again. It takes some time to understand 
that one needs to scroll down, past the links list, to see the 
content that has changed. For example in figure 2, the 
changed content becomes visible after scrolling down 3 
screenfuls. 

Fourth, dynamic Web content is becoming common, where 
client side scripting is used to modify the document. This 
trend will eventually make all viewing methods that 
significantly alter the original page structure unfeasible in 
real use. 

Because of the problems of both Original and Narrow 
layout, the mobile browsers of today provide the user with 
both layouts and it is up to the user to decide which method 
works on which page. Most non-expert users do not know, 
however, how to control these different views, and it is also 
laborious for expert users to change the viewing mode. 

VISUALIZATION METHOD 
Based on our usability evaluations of mobile browsers [e.g. 
14], we defined the following usability requirements for a 
Web page visualization method on mobile phones: 

1. Fit more content to screen.  
2. Eliminate the need for horizontal scrolling while 

reading a text column.  
3. Provide enough context information to give an idea of 

page structure and to communicate the current location 
on the page. 

4. Provide all basic functionality such as scrolling and 
link selection in a 5-way control key. 

5. Do all this without destroying the original page layout.  
6. Do all this without introducing modes. 
To meet the above requirements, we provide a twofold 
solution that improves the viewing of Web content on a 
small screen. First, through a process called layout scaling, 
we apply two changes to the CSS (Cascading Style Sheets) 
formatting model, essentially modifying the size of the text 
relative to the rest of the page contents and limiting the 
maximum width of the text paragraphs to the width of the 
browser viewport. We then render a scaled down version 
(called overview) of the Web page with an indication of the 
current viewport and we overlay it transparently on top of 
the browser viewport. This overview is meant to be 
primarily a navigational aid, giving the user more contexts 
by allowing her to visualize the current position of the 
viewport inside the document. It also helps the user locate 
information inside the page. 

We will describe these visualization solutions in detail in 
the following subsections. 

Layout scaling method 
Document rendering in a modern Web browser is based on 
the CSS2 formatting model [18]. The formatting function 
takes as an input various internal constraints imposed by the 
structure and style of the document being processed and 
external constraints imposed by the browser application and 
environment.  

Internal constraints often limit the minimum width of the 
boxes that make up the generated layout. For example, if a 
box contains an image, it cannot be narrower than the 
image. Similarly, if the document sets a table column to 
some fixed pixel width, it cannot become any narrower or 
wider than the specified value. Ignoring any of these 
constraints is violation of the formatting model and will 
distort or destroy the page layout.  

The most important external constraint for the formatting 
function is the width of the browser viewport (on desktop 
browser the width of the browser window, on mobile 
browser the width of the screen, minus UI elements such as 
scroll bars). The formatting process tries to make the 
document width match the viewport width while still 
satisfying all the internal constraints. If that is not possible 
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then the document becomes wider (or narrower) than the 
viewport and viewing the entire document might require 
horizontal scrolling. 

The text content of a layout box is formatted after the box 
width is determined. Still the text content provides 
constraints to the box width. The minimum width of a box 
containing text is the width of the longest word in the box. 
The box height, and eventually the total height of the 
document, is determined by the formatted height of the 
textual content. Width and height of individual pieces of 
text depends on the font used and must be known during the 
formatting process. 

This way of content formatting incurs at least the following 
two usability problems: the general amount of content that 
fits in the viewport is small (because, for example, many of 
the images are unnecessarily large) and the text paragraphs 
are often wider than the viewport width, 
requiring the user to scroll horizontally 
when reading. These problems can be 
observed in Figure 4. The size of the 
viewport here is 176 pixels wide and 208 
pixels high. 

We propose a document layout scaling 
algorithm that addresses the two problems 
mentioned above. This algorithm applies a 
set of modifications to the normal CSS 
formatting and painting process of the 
browser, so that the sizes of the non-
textual page elements become smaller 
(thus fitting more content in the viewport), 
while ensuring that the widths of the text 
runs are never larger than the width of the 
viewport. 

Input: current viewport size, scaling factor 

Output: a bitmap representation of the 
document 

Algorithm: 

1. The viewport width and height 
constraints are multiplied by a scaling 
factor. 

2. During the formatting step, text 
metrics (calculated width and height 
of the text strings) are multiplied by 
the scaling factor. The formatting is 
done otherwise normally except that 
all constraints that depend on text 
metrics are calculated using the 
virtual enlarged fonts. For example, if 
the scaling factor is 2, a text string 
which measured a width of 150px and 
a height of 12px is treated as a string 
of a width of 300px and a height of 
24px. 

3. If the calculated width of a text paragraph box is wider 
than the viewport width, multiplied by the scaling 
factor, then we format the contained inline text exactly 
to the viewport width. 

4. During the painting step, all coordinates and sizes 
calculated by the formatting step are divided by the 
scaling factor. These scaled-down coordinates and 
sizes are used for painting to the output device. For 
example, if the scaling factor is 2, an image of size 
100x100 px at formatted coordinate (0,300px) will be 
drawn as image of 50x50 px at coordinate (0,150px). 
Since font sizes were first scaled up during formatting 
and are now scaled down, the text is actually drawn 
using the original font size. 

In the generated bitmap of the document, images and 
generally all elements with static sizes (images, HTML 

Narrow Minimap Original 

Figure 6. A data table viewed on a small screen with different visualization 
methods: Original layout, Narrow layout, and Minimap view. 

       

Figure 4. Original layout view on a 
phone browser.    

 

Figure 5. The page view after layout 
scaling has been applied. 
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tables…) become smaller. For example, a scaling factor of 
2 halves the width and height of all images. The font size 
remains constant to ensure readability. Another important 
effect of layout scaling is that the maximum width of text 
paragraphs is equal to the width of the viewport. This 
effectively eliminates the need for horizontal scrolling 
during reading. Figure 5 depicts the same page as in Figure 
4, this time rendered with the layout scaling algorithm. 

We have observed that the vertical size of the rendered 
documents may slightly increase as a result of layout 
scaling, since less text fits on a single line. However, often 
the overall area of the document actually decreases because 
of the smaller size of non-textual content (Figure 3).  

Large data tables are particularly challenging for small 
screens, yet tabular information such as timetables, 
schedules, or stock prices is highly relevant for mobile use. 
The current research tackling this problem counts on a 
pointing device [19], which mobile phones typically do not 
provide. In Minimap solution, we aim to preserve the table 
formatting as well as possible (Figure 6), but making all 
types of tables work nicely on a small screen is a true 
challenge. It is very hard to differentiate tables containing 
tabular data from tables purely for layout, so we handle all 
tables in the same way.               

The page overview 
To help the user navigate a Web page, we provide her/him 
with a scaled down overview of the page. This novel 
feature, Mini Map™, inspired the naming of the whole 
method. The Mini Map view is chosen to contain all the 
content currently visible in the browser viewport, plus 
significant parts of surrounding areas. Figure 7 shows an 
example of the browser displaying the overview of a page 
on top of the viewport. The red rectangle corresponds to the 
current location at a given moment. 

 

Figure 7. Mini Map overlaid transparently over the viewport. 

To prevent the overview from becoming too intrusive, we 
make it transparent by using alpha blending. The user may 
adjust the opacity level through the browser preferences. 
Furthermore, and most importantly, the overview becomes 
visible only when the user is scrolling the document. 
Currently, we distinguish between two types of scrolling: 

1. Incremental, when the user is scrolling the document in 
separate steps, generating one controller input (e.g. 
clicking a scroll key on a phone keypad) for each step. 

2. Continuous, when the user is scrolling the document as 
fast as possible, without releasing the controller (e.g. 
keeping the scroll key pressed). 

The overview is visible only during continuous scrolling. 
When the user releases the controller, thereby stopping the 
scrolling, the overview remains on the screen for 
approximately one second and then fades away. 

A red rectangle matching the portion of the document 
visible in the viewport is drawn on top of the overview. 
This rectangle is moved accordingly when the user scrolls 
the viewport. The portion of document shown in the 
overview is scrolled as needed so that the area of the 
document visible in the viewport, plus additional 
surrounding areas, stays visible in the overview.  

A slight yellow tint is applied to the overview for a newly 
formatted document. This coloring is removed for those 
areas of the document that the user has already seen in the 
viewport. This mechanism helps a user determine which 
parts of the document s/he has already visited, which is 
particularly useful when trying to locate information on a 
large page. 

USER STUDY 
We conducted two usability studies to compare our 
Minimap method and Narrow layout method. The first one 
was a traditional usability test in a laboratory with 8 
subjects, after which we further developed the Minimap 
prototype. The second was a longer-term field study where 
20 participants used Minimap and a Narrow layout browser 
for 8 days each. In this paper, we concentrate in the second 
test, but a short summary of the laboratory test is presented 
below. 

In the first Minimap prototype, we had the page overview 
coming up whenever the user started to scroll the page. 
Participants complained that Mini Map was covering the 
actual content and users could not read a longer text block 
on the page. Since the Mini Map did help the users to 
navigate on the page, we wanted to find a way to show it 
less obtrusively. The first option was to provide Mini Map 
behind a key, so that Mini Map would be shown while the 
user keeps this key down. The previous experience with 
hidden key shortcuts has not been encouraging, however, 
and we wanted novice users to find the Mini Map without 
learning any key shortcuts. The solution was to detect when 
the user is likely to be reading, when scrolling a longer 
way. In the second prototype, we showed Mini Map only 
when the user keeps the scrolling key down for more than 
one second, not when s/he scrolls incrementally click by 
click. The latter is typical behavior while reading. 

In both studies, we concentrated on the method of viewing 
and navigating on Web pages, not so much in the other 
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tools like bookmarks or technical abilities to show the 
various types of content on Web pages. 

Participants 
We used 20 subjects with various ages and backgrounds. 12 
subjects were male and 8 female, ages 15-50 years with a 
mean of 30. We divided the participants into two groups of 
10 participants each, so that each group had a similar 
distribution of ages, genders, and backgrounds.  

 

Figure 8. Former browsing experience on a mobile device. 

Seven participants had never viewed full Web pages on a 
mobile device before, and five participants were frequent 
users of full Web browser on a mobile phone (Figure 8). 
The participants were paid a small reward after the test 
period. They did not have to pay the browsing costs during 
the test period. We did not reveal the origin of either 
browser during the study, but unfortunately, it was clear 
that the Minimap browser was a prototype version. 

Procedure 
Group 1 used Minimap browser first and switched to 
Narrow layout browser after 8 days. Group 2 used the 
browsers in the opposite order. The participants were not 
given instructions on how to use the browser, but only how 
to copy and paste the URL used in the task to the browser. 
By not guiding users, we wanted to simulate the situation 
that real users face when taking a mobile phone with a Web 
browser into use. With the Narrow layout browser, we 
instructed the users in link selection, because such a feature 
should not affect the final rating.  

The participants used Nokia 6600 phone for browsing over 
GPRS (General Packet Radio Service) connection. The 
display of this Series 60 style phone model is 176x208 
pixels, and the main input control is a joystick that can be 
tilted in 4 directions and pressed for selecting. There are 
two soft keys, one for Options and the other for Back (or a 
similar function). 

We sent one or two tasks to the participants by text message 
every morning. Together with the message, we sent 2-4 
multiple-choice questions, which they had to answer before 
the next morning. Below, you can find an example of a 
task. 

Check the main headline of the day from news.bbc.co.uk. 
Then check what news from Europe the AROUND THE 
WORLD section provides today. 
a) Did you know the pages beforehand? 

1=Yes, from PC    2=Yes, from a mobile browser    3=No 
b) How easy it was to locate the needed information on the 

page?  1=Very hard .. 5=Very easy 
c) How certain you felt about finding the information 

needed? 1=I lost my faith .. 5=100% certain 

We selected 12 goal-oriented tasks for each period that 
access many different types of Web pages, both textual and 
graphical, simple and crowded, with and without data 
tables, small and large images, images containing detailed 
information (e.g. text), light and dark background colors, 
and pages with different number of content columns and 
page structures. We tried to select tasks that would be 
somehow relevant for mobile use, so most pages were 
national ones and the content was fresh. 

The tasks for the first 8 days were the same for both groups, 
to make sure the tasks were equally demanding. We used 
mostly the same tasks also for the second 8-day period to 
allow for a comparison of the two browsers. In three tasks, 
however, we used different Web sites, because we wanted 
the users to navigate on some unfamiliar pages or find 
information whose location they did not know with both 
browsers. If the tasks were exactly the same during both 
periods, the participants would not have been able to 
compare how the browser behaved with pages that you do 
not know beforehand.  

In addition to the daily task feedback, the users were asked 
to keep a diary about their experiences with the mobile 
browser during the test period. This was in order to gather 
their insights during the whole test period as well as 
experiences about their own browsing cases outside the 
given tasks. They were encouraged to use the browser in 
places that they would normally use it, but many ended up 
executing the tasks at home. In the Minimap browser, a log 
file recorded the functions that the user selected in the 
browser, which provided us information about the most 
frequently used functions. 

After testing each browser, we discussed the experiences 
the participants had with the browser in a 2-hour group 
session. A rating questionnaire was filled-in at the 
beginning of these sessions. 

RESULTS & DISCUSSION 
As described in the previous section, we collected various 
types of feedback from the study participants. In the 
following sections, we show the results, from the main 
findings to more detailed ones, and discuss the implications. 

Visualization method preference 
After using both browsers for 8 days each, we asked the 
participants to rate which browser they prefer to use for 
viewing Web content on a mobile phone. We used a 7-point 
scale, 3 meaning strong preference for either browser and 0 
meaning no preference. 18 participants preferred Minimap, 
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while 2 users liked Narrow layout browser better. Usually, 
it is rare to get participants give strong preference ratings, 
so it is notable that as many as twelve out of the twenty 
participants used the extreme preference rating for Minimap 
(Figure 9). 

The previous mobile browsing experience did not affect the 
rating, since all experience backgrounds can be found along 
the given ratings. However, the order of testing the two 
browsers clearly affected the rating so that the first browser 
got the user’s preference more easily. All users who first 
used Minimap browser clearly preferred it, whereas the 
preference distribution of the other group varied more. The 
most probable reason is that in the beginning, one is more 
motivated to learn how to use a mobile browser, but the 
charm of novelty is gone by the time one has to learn 
another way of navigating on the large pages. Once you feel 
you can control one browser, you have little motivation to 
relearn a new one. Still, eight out of ten participants of 
group 2 preferred Minimap, although they had to relearn the 
viewing method. 

The two users who preferred Narrow layout commented 
that they found it easy just to scroll down the content, and 
eventually the right piece of content will show up.  

Why so many participants preferred the Minimap method? 
Examination of the overall ratings and the task usability 
ratings will help us to understand the reasons in the next 
sections. 

Overall ratings 
We used a two-tailed T-test, with alpha = 0.05, to analyze 
the statistical significance of the differences between the 
means of the observed variables. 

The results of the overall ratings (Figure 10) show that 
participants felt Minimap is clearly easier to take into use 
(p=0.035), and significantly easier to use after some time 
than the Narrow layout browser (p=0.023). According to 
the discussions in the feedback session, the reasons were 
that pages look more familiar on Minimap browser, and the 

page overview helps to keep track of the page structure and 
the current location. 

The results for convenience and trust in finding the needed 
information on the pages did not show statistically 
significant differences in this subjective rating. 

The participants did not see that either of the browsers 
would be suitable to be used in a hurry, which shows that a 
small screen makes it hard to just glance at the page and 
spot the needed content. The GPRS connection is also not 
fast enough for loading full Web pages in a hurry. The 
Narrow layout browser scored lower than Minimap 
(p=0.118, not significant) because it requires more 
concentration on following the content being scrolled 
through. Especially timetables are very hard to interpret in a 
hurry if the rows in a data table flow onto several lines.  

The significant difference (p=0.003) in getting the idea on 
where different types of content are located on the page 
(“Overview of page”) was not surprising, because Narrow 
layout does neither preserve the layout nor show an 
overview for the page. 

It is very clear from the ratings that on these small screen 
browsers, familiar pages are easier to use than unfamiliar 
ones. On the Narrow layout, participants did not see the 
benefit as big as on Minimap  (p=0.012), because you have 
to follow the content being scrolled through more carefully 
than in Minimap where you just place the viewport to the 
location where you know the content can be found. 

The last question was about participants’ willingness to use 
this browser for viewing Web pages if they need to access 
the Web with a mobile phone. Again, there was a 
significant difference in favor of Minimap (p=0.011). 

 

Figure 10. Overall ratings for the browsers show 
preference on Minimap method. 

 
Figure 9. 18 participants preferred Minimap browser,  

Group 1 more clearly than Group 2. 
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Participants expressed their surprise on how well they could 
view the large Web pages on a small screen.  

Task-based ratings 
After executing one of the daily tasks, participants gave 
their ratings about how easy it was to locate the needed 
information on pages, and about task specific usability 
factors, such as reading text in an image or interpreting the 
data in a table (Figure 11). A sample rating question was 
presented in the Procedure chapter. 

 

Figure 11. Average usability ratings after executing daily 
tasks. 

The most interesting usability factor in using large Web 
pages on small screens is how to locate the information 
needed on the pages. All in all, both viewing methods 
functioned relatively well here, the scores being almost 
equal. There were more differences, however, between 
single tasks. Minimap scored better on pages with big data 
tables or relatively simple layout, whereas Narrow layout 
scored better on large crowded pages where the needed 
information was located near the bottom of the page. With 
both methods, locating the information was the easier the 
closer to the top the needed information was located. 

Reading plain text was very easy with both browsers. Our 
hypothesis was that Minimap would have scored worse 
here, because in Narrow layout, plain text is normally 
wrapped to the screen width whereas in Minimap method, 
several columns of text may be visible at the same time. 
These results do not support our hypothesis, however, 
because both the ratings and the feedback discussions show 
that participants saw text reading very easy also with 
Minimap method. The difference between Minimap and 
Narrow layout methods is not statistically significant. 

In both methods, images are scaled down to better fit the 
small screen. Downscaling makes it easy to view images at 
one glance, and to scroll over unimportant images. The 
downside of scaling is that text and other detailed 
information in the images may become too small to see. 

The results show that Narrow Layout has severe problems 
with large images, whereas Minimap meets this challenge 
relatively well. The difference in ratings is statistically very 
significant. One reason is that Narrow layout forces even 
large images to fit the screen, but in Minimap, images are 
not scaled down more than 50%. Second, when the 
participants wanted to see the image in bigger size, they 
zoomed in the view. In Minimap, the image becomes 
bigger, but Narrow layout forced the large image to fit the 
screen width even after zooming in. This was a very 
irritating feature for the users. Example tasks were to read 
the Dilbert comic strip of the day and interpret a map. To 
accomplish the task, the user would be required to change 
the layout mode from Narrow to Original, but 10 users out 
of 20 did not find the way to accomplish these tasks during 
the 8-day test period. 

Another clear problem with Narrow layout was the way it 
shows data tables that are wider than the screen, such as a 
table with TV programs or a table with public 
transportation timetable. Participants found it hard to 
interpret this data, because Narrow layout method wraps the 
rows onto several lines, and interpreting which information 
is related to which is very hard (Figure 6). One participant 
commented in his diary: “If my life was dependent on this 
data, I would be able to interpret the table, but now, I do not 
have the motivation.” The solution here would have been to 
change the viewing mode from Narrow to Original, but as 
we noted, switching the mode was a feature that only half 
of the participants found. Large data tables were hard also 
on Minimap browser, because the column/row headers were 
often outside the view, but the tables were still significantly 
easier to interpret than in Narrow layout. 

The last rating for daily tasks shows that moving between 
several links on one row was very easy in Minimap, but 
clearly harder in Narrow layout. This problem might not be 
specific to the Narrow layout method itself, but to the 
browser implementation. We used a Narrow layout browser 
that focuses links only when the scroll key is used 
vertically. Horizontal movement is used for speed scrolling: 
one click scrolls the view down/up almost one screen. This 
means that when the user wants the link focus to move 
sideways, s/he should not scroll sideways but vertically. 
This irritated many users, and even expert users made 
mistakes in selecting links on one line. Although the 
content itself does not require horizontal scrolling, it should 
be possible to move the focus between links on the same 
row by horizontal move. 

Page overview 
We did not give any instructions for participants on what 
kind of features there are in the tested browsers, but 
encouraged them to explore the functionality. It was 
interesting to see if they would use continuous scrolling, 
thereby discovering the Mini Map overview. If some users 
scroll the pages incrementally (click-by-click) and do not 
hold the scrolling key down, they will never see the page 
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overview while scrolling. We wanted to know if the Mini 
Map overview was discovered, so we asked the users on 3rd 
day whether or not they have found the page overview 
feature and when they found it. 

14 users answered they found the page overview during the 
first browsing session, and the rest had found it during the 
first day. This shows that at least when the page content 
stretches over several screens, users switch from 
incremental scrolling to continuous scrolling spontaneously. 
So, according to this study, it is highly likely that users will 
find the page overview easily without any guidance. 

In the feedback discussions, we asked whether the page 
overview disturbed the participants. The outcome from the 
discussions was that when glancing though the content on 
the page, the page overview might be disturbing. However, 
the pros of the overview overshadowed the cons. For expert 
users, a best user interface would probably be one where 
the overview comes up only by pressing a shortcut key. 

In our latest study, we have tested a version where the page 
overview does not appear while scrolling but only when a 
shortcut key is pressed. We used 20 participants with more 
experienced mobile browsing backgrounds, but nobody was 
familiar with the Minimap method beforehand. During a 
1.5-hour test session, the participants executed several Web 
browsing tasks both on this new version without Mini Map 
overview and on a Narrow layout browser. Most tasks were 
executed without checking the page overview. We got the 
same preference result for this study as for the long-term 
study described in more detail in this paper: 18 participants 
preferred Minimap, 2 participants Narrow layout. This 
shows that Original layout with a few formatting changes 
works better than the current state-of-the-art methods, even 
without using the page overview. 

CONCLUSION 
The current state-of-the-art mobile phone Web browsers 
provide both Narrow and Original layout, and the user 
should decide which layout works for which content. The 
layout mode may have to be changed even on the same 
page: wide text columns can be read only in Narrow layout, 
but if there is a wide data table or a large map on the same 
page, one has to switch the mode to Original layout. We 
have found in various user studies that most users do not 
know about the existence of the two viewing modes, but 
they try to zoom the view, and give up when it does not 
help. 

Our Minimap method aimed at solving the Web viewing 
problems on mobile phones with a modeless solution: all 
pages are viewable in the same mode, and the worst cases 
are solvable by having the user zoom the content. The 
keyhole-viewing problem is alleviated by showing a page 
overview when the user scrolls the page continuously.  

We conducted a long-term field study with 20 participants 
to find out which Web page viewing method is preferred on 
mobile phones: the state-of-the-art method, or the new 

Minimap method. The results show that 18 out of 20 
participants preferred the Minimap method, 12 of them 
strongly. It seems that users like the similar Web page 
layout as they have seen on a PC, if the usability problems 
of Original layout on small screens have been addressed. 
The Minimap method has successfully solved the problems 
by condensing the page layout to better fit onto the small 
screen, by forcing all text columns to the maximum width 
of the screen, and by showing an overview of the page 
when the user scrolls a longer distance on the page.  

Although the Web browsers on mobile phones aim at 
handling all existing Web content in a usable way, it helps 
if the site developers take small screens into account when 
designing their sites. If a site provides relatively light pages 
without small details in images and with few large 
components, people will also be able to access the site with 
their mobile phones without major usability problems. 
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