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In this paper we illustrate the use of space-time trade-offs for information presentation on small
screens. We propose the use of Rapid Serial Visual Presentation (RSVP) to provide a rich set of
navigational information for Web browsing. The principle of RSVP browsing is applied to the
development of a Web browser for small screen devices, the RSVP browser. The results of an
experiment in which Web browsing with the RSVP browser is compared with that of a typical
WAP browser suggests that RSVP browsing may indeed offer alternative to other forms of Web
browsing on small screen devices.
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1 Introduction
As the capacity of wireless communication and the capabilities of mobile devices
grow, the challenge of finding ways around the severely limited display area
associated with these devices becomes increasingly urgent. In previous work we
have suggested that a trade-off between space and time might provide a useful
way forward [4][9]. Such a trade-off is offered by Rapid Serial Visual
Presentation (RSVP), electronically similar to the activity of riffling the pages of a
book to get an idea of “what’s there?” [3]. In order to demonstrate the
effectiveness of using RSVP for the presentation of information on small displays,
we have explored the design issues involved in applying this technique to Web
navigation.
Currently, wireless Internet services are offered through the Wireless
Application Protocol (WAP), taking the form of short text items that can be
retrieved by navigating a series of menus.1 The restricted display capabilities of
most WAP enabled mobile devices are such that a significant amount of scrolling
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Content together with the navigation structure of WAP services is specified through Wireless

Markup Language (WML). Although WML offers the option of including graphics in the form of
Wireless Bitmaps (WBMP), the limitations of WBMP and of most WAP browsers are such that
these graphics can realistically be used to include only small low-resolution monochrome icons.
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is required to access this information, and together with the use of hierarchical
menus as the mechanism for navigation this makes WAP browsing into a
laborious activity [7]. Alternative ways of accessing information services on the
Internet with small screen devices have been proposed, for example, in the Power
Browser [2] and WEST (Web browser for Small Terminals) [1].

1.1 What’s the problem?
Especially within a relatively unstructured and vast information resource such as
the Web, and particularly when serendipitous exploration frequently accompanies
directed search, familiar questions such as “Where am I”, “Where can I usefully
go”, “Where have I been” and “How do I get back to X” succinctly characterize
particularly pressing problems. Serendipitous exploration is often characterized
by a depth-first traversal of web pages [5, 10]. As part of directed search, depthfirst traversal can be used to explore the neighborhood of a page that was found
using a search engine. Before describing our vision of how RSVP can be used in
small screen devices to support such behavior, a brief background to each of these
questions is in order.

1.2 RSVP Browsing
The questions that users are asking during Web navigation may be usefully
answered by using RSVP. Whenever there is a choice of alternatives, these
alternatives could be usefully presented sequentially if space is limited. Thus,
when a user is asking, “where can I go from here”, the range of alternatives, or
links, may be presented sequentially in rapid succession in order to explore the
“neighborhood” of the start-off page. Each of the links is represented by a
preview image that is distinctive enough to be recognized when presented for only
a very brief moment. The RSVP stream can be paused and restarted using a
control that also shows the relative position of the currently displayed image.
When a potentially interesting page is spotted, the neighborhood of this page may,
in turn, be explored by the rapid presentation of its links. After this process has
been repeated several times, a history of the browsing process is available which
can be similarly explored to allow for easy backtracking.

2 The RSVP Browser
The principles of RSVP browsing have been applied to build a simulation of a
small screen browser, which we termed the RSVP browser.2 It has to be noted,
however, that the RSVP browser, as it is described here, stands at an extremely
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The RSVP browser was built using Macromedia Director tm
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early stage of development. Many issues regarding the application of RSVP to
Web browsing are still being investigated (e.g. [4]). However, the current
implementation offers at least one advantage, in that it can be evaluated against
other forms Web browsing on small screen devices, such as WAP, and such an
evaluation will therefore be the topic of the next section, after we have described
the interaction mechanism applied in the RSVP browser.
Figure 1 provides a screen shot of the RSVP browser, showing that the
browser screen is divided into four areas. Graphical representations of links and
the content of the Web page are displayed in the viewing area (square number 2),
taking up most of the area of the screen. The viewing area is flanked by the
history bar on the left (square number 1) and the RSVP bar on the right (square
number 3). Finally, the title bar is located above the other three areas (no
number). The RSVP bar contains a button to stop and start the serial presentation
of preview images for the links from the current page (round number 1), and
square buttons representing the current page (round number 2) and each of the
links from that page (round number 3). The number of square buttons
corresponds, therefore, with the number of links embedded in the currently

accessed page.
Figure1: The RSVP browser as it may look like while browsing a Web site. Numbers are used to
indicate the parts of the browser.

When the user taps the RSVP button, the view in the viewing area changes
to show a deck view of the current page (Figure 2), meaning that the preview
images for all the links are stacked up into a deck, so to speak, and each one is
presented briefly followed by the next one. This way the user can riffle through all
the links of a page quickly, thereby answering the question “where can I go”. The
square buttons representing links change color when their corresponding
graphical representation is displayed briefly. The user can stop the riffling action
either by tapping the RSVP button again, by tapping on the preview image of the
desired page, or by tapping one of the square buttons.
The history bar contains round buttons that each represent one page in the
browsing history. The top buttons represents the page where the user started
browsing, which is always the home page of the provider of the RSVP service that
3

loads automatically when the browser is started. Every time the user accesses
another page a button is added to the browsing history. Users can move
backwards and forwards in the browsing history by tapping the triangular buttons
at the top and bottom of the history bar respectively (round numbers 5 and 6 in
Figure 1). The button corresponding to the page that is currently selected is
highlighted. When a new link is followed from a page in the browsing history,
then all the pages that occur later in the sequence are lost from the history and the
bottom button in the history bar represents the new page.

Figure 2: The RSVP browser during RSVP of the preview images for all the links from a page.
The black and gray silhouettes behind the top preview image are used to indicate that the browser
is in RSVP mode.

2.1 The RSVP Browser versus a WAP Browser
For the purpose of evaluating the RSVP browser we compared users’ browsing
behavior using the RSVP browser with that of people using a WAP browser. We
opted for a comparison with a WAP browser because these offer the only widely
available means of mobile Internet access. For this purpose, a wireless markup
language (WML) has been developed, similar to the hypertext markup language
(HTML) used for the World Wide Web, which allows WAP content to be
browsed [11]. WML documents are structured as a collection of cards. A
single collection of cards is referred to as a WML deck. Each card
contains structured content and navigation specifications. Logically, a
user navigates through a series of cards, reviews the contents of each,
enters requested information, makes choices and navigates to another
card or returns to a previously visited card. The card metaphor along
which WML documents are structured seems to be extremely
compatible with a dynamic navigation tool such as RSVP, which would
allow the user to riffle through the cards. However, the navigation and
event-handling models of WML are currently not compatible with
RSVP.
Thus, an evaluation is deemed useful to compare the RSVP
browser with the WAP browser to investigate the benefit offered by the
application of RSVP browsing. It has to be noted, however, that we
have taken a number of assumptions regarding future developments in
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the capabilities of mobile devices and mobile communication
technology for granted when we developed the RSVP browser. Chiefly
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among these is the assumption that the bandwidth of 3 generation
mobile communication will increase to an extent that allows detailed
graphics to be transmitted. We also assume that the display quality of
future Internet enabled mobile devices will be more like those
currently found in handheld computers such as the Palm VII and,
especially, the Compaq IPAQ which features a high resolution color
display. In Table 1 we have summarized the main differences between
the RSVP browser and a typical WAP browser used in the evaluation.
Table 1: A comparison between the device capabilities required for the RSVP browser and a
typical WAP enabled device.

RSVP browser

Nokia 6210*

Screen size**

8 x 8 cm.

6 x 7 cm

Max. lines of text

17

4

Display resolution

32 pixels/cm.

18 pixels/cm.

Color
Yes
No
* This refers to the simulation of the Nokia 6210 mobile phone provided as an accessory to the
Nokia WAP toolkit 2.1
** As they appear displayed on the screen of the PC used to run the simulation

2.1.1 The ITN service
We developed an RSVP version of a news service that is being offered by the
British Independent Television (ITN) as a Web site on the Internet [6] and as well
as a WAP service. The RSVP version uses elements from the Web site to form a
deck of preview images that can be displayed using RSVP (Figure 3).

Figure 3: An example of how elements of the ITN Web service are used to create decks of
preview images suitable for the RSVP browser.

The structure of the RSVP version of the ITN Web site follows that of the
ITN WAP service, which is organized according to a simple tree structure with
three levels. After selecting the ITN service from any number of services that can
be provided by a particular mobile network provider, the user then has a choice of
5

seven news categories, such as world news, weather or sport. Each of these
categories offers a choice of several news items that appear on the screen when
selected. The WAP user is then required to scroll through the text, whereas the
RSVP browser presents the text on a number of distinct pages.

2.1.2 Method
Participants. 30 students from our department took part in the experiment,
whose names were all entered into a £25 prize draw as reward for their
participation. Half of the participants were randomly assigned to use the RSVP
browser while the other half of the participants used the WAP browser. None of
the participants had any prior experience with the browser they were required to
use.
Procedure. Participants (Ps) were given 8 questions during the experiment, the
answer to which could all be found within the ITN material provided on the
browsers. Each of the questions required Ps to navigate down to the lowest level
of the site in order to find the answers. Question 1 (Q1) in the sequence had to be
answered without instructions or help from the experimenter. Then, during the
search for answers to Questions 2-6, Ps were allowed to ask the experimenter for
explanations about how to operate the browser. The answers to Questions 7 and 8
had to be found without any assistance. The questions were typed and put on
cards, and Ps had to find the answer to each question before being given the next
one.
The Ps assigned to each of the browser types were randomly assigned to
one of three groups. The Ps within each group were given the same questions for
Q1, Q7 and Q8, but these differed between groups. The creation of these groups
allowed for any effects of particular questions on the browsing efficiency of Ps to
be assessed. The same questions were used for the RSVP and the WAP groups.
Material. The WAP users carried out their browsing on a simulated Nokia 6210
mobile phone running within the Nokia WAP toolkit version 2.1. The RSVP users
carried out their browsing on the RSVP browser. All the Ps’ actions were
captured using HyperCam version 1.34.00 by Hyperionics. These programs were
all run on a Hewlett Packard XE2 laptop computer equipped with a digital flat
panel (1024x768) display and an external mouse.

2.1.3 Results
Browsing efficiency was measured along two variables: The time needed to find
the answers, the number of extra steps taken to reach the answers relative to the
6

minimum number of steps needed. Analyses of variance (ANOVA) were
performed on each of these dependent variables using a 2x3 factorial design of
Browser type and Group (see Procedure). Analyses were carried out separately for
Q1, but the analyses were combined for Q7 and Q8.
Time to task completion. Ps using the RSVP browser took on average more
time to answer Q1 than those using the WAP Browser (MRSVP = 177.53 s. and
MWAP = 133.47 s.), but this difference failed to reach significance [F(1,24) = 1.95,
MSE = 7460.15, p>.05]. However, by the time Ps reached Qs 7 and 8 those using
the RSVP browser took slightly less time to come up with the answers than those
using the WAP browser (MRSVP = 88.67 s. and MWAP = 123.53 s.), although again
this difference just failed to reach significance [F(1,24) = 3.87, MSE = 2358.417,
p>.05]. For these 2 questions, a significant effect of Group (F(2, 24) = 3.68, MSE
= 2358.42, p<.05) was found and post hoc analysis revealed that the participants
in group 2 took significantly more time to answer the questions than those in
group 1 and group 3 (M1 = 81.70, M2 = 138.80 and M3 = 97.80; ps< 0.5),
indicating that the nature of the questions can play a significant role in
determining how fast Ps can obtain the answers to the questions. However, this is
unlikely to affect the comparison between the RSVP and WAP browsers since no
significant interaction between Browser type and Group was observed (F(2,24) =
1.33, MSE = 2358.417, p>.05).
Number of extra steps. Ps using the RSVP browser took significantly more
extra steps than necessary to find the answer to Q1 than those using the WAP
browser (MRSVP = 11.69 and MWAP = 0.78; F(1,24) = 28.339, MSE = 31.51,
p<.001). However, by the time Ps reached Qs 7 and 8 this difference had almost
completely disappeared (MRSVP = 0.63 and MWAP = 0.46; F(1,24) < 1, n.s.). None
of the other effects reached significance (ps>.05).

2.1.4 Discussion & Conclusions
By measuring the browsing performance of users at different stages of familiarity
with the browsers, we are able to compare the RSVP browser with the WAP
browser along two distinct parameters of usability. Users’ performance on Q1,
when they have no experience with the browser and have received no instructions,
is a measure of the guessability of the browser [8]. Guessability is an indication of
the intuitiveness of the browser, or how obvious the operations are that can be
performed. Users’ performance on Qs 7 and 8, after having had an opportunity to
familiarize themselves with the browser and receive explanations from the
experimenter, is a measure of the skilled user performance (SUP) of the browser
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[8]. SUP is an indication of the efficiency of the browser in term of its economy
of use.
From the results it can be seen that the guessability of the RSVP browser
lacked behind that of the WAP browser in terms of how obvious it was where to
find the answers. This result can be readily explained by the fact that most of the
second level alternatives are visible from the first level in the WAP browser,
whereas these become visible in the RSVP browser only after tapping the RSVP
button. It is apparent that navigation is significantly impaired without knowledge
of this particular feature of the RSVP browser. It is clear from SUP, however, that
users are able to use the RSVP browser at least as economically as the WAP
browser once users have discovered the RSVP function. In fact, although it may
have taken users of the RSVP browser somewhat longer to find the answers to Q1
than the users of the WAP browser, they may actually have been quicker in
finding the answers to Qs 7 and 8. The fact that these differences failed to reach
significance was due to the substantial variability between individual users.

3 General Conclusions
RSVP browsing is proposed to support the presentation of links, which can be
followed during Web search, and page trajectories in case the user wants to revisit
previously visited pages, thereby allowing users to answer many questions
typically asked during Web navigation. This selection of functionality appears to
be vindicated also by the fact that this is exactly the functionality implemented in
other browsers designed for Web browsing on small screen devices (e.g., the
Power Browser [1]). We described in this paper how we implemented this
functionality in the RSVP browser and compared users’ browsing performance
with that of a typical WAP browser. Due to limited space we are unable to discuss
all the findings of the experiment and their implications, but from the findings
presented above we may conclude that RSVP browsing as presented in the RSVP
browser can be applied effectively to Web browsing on small screens. However,
this research is at an early stage and many issues regarding the application of
RSVP browsing need to be explored further.
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