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Accessing the Web from mobile handheld devices has become increasingly common. However, accomplishing
that task remains challenging mainly due to the physical constraints of handheld devices and the static
presentation of Web pages. Adapting the presentation of Web pages is, therefore, critical to enabling effective
mobile Web browsing and information searching. Based on cognitive fit theory and information foraging
theory, we propose a novel hybrid approach to adapting Web page presentation that integrates three types of
adaptation techniques, namely tree-view, hierarchical text summarization, and colored keyword highlighting.
By following the design science research framework, we implemented the proposed approach on handheld
devices and empirically evaluated the effects of presentation adaptation on mobile Web browsing. The results
show that presentation adaptation significantly improves user performance and perception of mobile Web
browsing. We also discover that the positive impact of presentation adaptation is moderated by the complexity
of an information search task. The findings have significant theoretical and practical implications for the
design and implementation of mobile Web applications.
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Introduction I

The use of mobile handheld devices such as cell phones,
PDAs, and palm pilots has become pervasive in our life.
Accessing the Web through a handheld device, called mobile
Web (W3C 2008), is no longer a novelty. For many, it has
become a common daily routine. According to the 2010 poll
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from the Pew Internet and American Life Project, nearly 60
percent of adult Americans have either accessed the Internet
with a wireless connection or used an application by way of
cell phone or PDA. The ability to communicate at virtually
any place with the convergence of the Web and wireless
technologies offers an unprecedented level of flexibility,
accessibility, and convenience to users of mobile handheld
devices, particularly for ubiquitous information access.

The convenience of mobile Web, however, has been compro-
mised by some challenges posed by the unique constraints of
handheld devices (e.g., small screen size and limited
memory), wireless networks, and the mobility of users (Zhang
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2007). Most existing Web sites are designed and optimized
for desktop and broadband clients only. They are poorly
suited for mobile handheld devices, making the Web content
look aesthetically unpleasant and difficult to navigate. More
importantly, because the text font size cannot be reduced
below a threshold of legibility, only a small amount of infor-
mation can be shown on the screen of a handheld device at a
time. For example, there are normally fewer than 15 lines
vertically and fewer than 12 characters per line that can be
shown on the screen of a typical cell phone (Chae and Kim
2004). As a result, users have to perform left/right and
up/down scrolling frequently during Web browsing, which is
very annoying. Even if some handheld devices can adjust the
Web page display with vertical scrolling only, it requires
clipping and wrapping the text, which results in increased
Web page length. Users also have to memorize different parts
of'a Web page that they have viewed and then relate one part
to another in order to make sense of the context. These pro-
cesses place a heavy cognitive load on users (Albers and Kim
2000). As cognitive load increases, users tend to generate
more errors (Davison and Wickens 1999), and Web browsing
and searching become tedious and inefficient. Therefore,
presenting Web content on mobile handheld devices in a way
that better adapts to the characteristics of devices and user
needs can help users locate information of interest more
effectively.

According to W3C (World Wide Web Consortium), adapta-
tion is defined as a process of selection, generation, or modifi-
cation that produces one or more perceivable units in response
to a requested uniform resource.” Presentation adaptation
involves a process of reauthoring or rearranging the content
layout of a Web page in order to achieve more effective
content navigation and improve user experience with mobile
Web (Zhang 2007).

Presentation adaptation has been studied in the desktop
environment and been proven beneficial in improving the user
experience in Web browsing by alleviating the problems of
information overload (Tsandilas and Schraefel 2003), frequent
scrolling/clicking (Tsandilas and Schraefel 2004), and
navigation loss (Furnas and Zacks 1994; Robertson et al.
1991). However, research on adaptation of Web content pre-
sentation for mobile handheld devices is still rare. Due to the
unique characteristics of such devices, previous theories and
findings about presentation adaptation in desktop settings may
no longer be applicable. Most previous related studies
focused on developing individual adaptation techniques.

2http://www.w3.org/TR/di-gloss/ .
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They either did not include any user evaluation (e.g.,
Baudisch et al. 2004; Chen et al. 2005), or used emulators on
a desktop rather than real handheld devices while evaluating
a specific approach (e.g., Kaasinen et al. 2000; Lam and
Baudisch 2005). In particular, there are few empirical studies
that systematically examine the impact of presentation
adaptation on mobile Web browsing on handheld devices.

This research aims to fill the knowledge gap by answering
three important research questions for the task of information
search via mobile Web browsing:

(1) Can presentation adaptation techniques improve user
performance and perception?

(2) Will more presentation adaptation features result in
better user performance and perception?

(3) How does the impact of presentation adaptation vary
with task complexity?

This research follows the design science research framework
(Hevner et al. 2004), which provides systematic and practical
guidelines for building innovative information systems
artifacts to solve a problem in an organized and effective
manner. There are three types of artifacts created in this
research. First, we construct a research model that relates
presentation adaptation to user performance and perception.
This relationship is moderated by task complexity. Second,
we identify and integrate several approaches to presentation
adaptation based on cognitive fit theory (Vessey 1991) and
information foraging theory (Pirolli 2007). Third, we imple-
ment prototype systems on physical handheld devices, and
use those systems in an empirical evaluation of the proposed
adaptation approaches. To the best of our knowledge, this is
the first empirical study that examines the effect of presen-
tation adaptation on user performance and perception of
mobile Web browsing using physical devices. This research
provides several new theoretical and practical insights on how
to adapt Web content for effective browsing on mobile
handheld devices and how to improve user interface design
for those devices.

Related Work and the
Research Model I

Effective information presentation is critical for improving
user experience with mobile Web (Qiu et al. 2006). Some
presentation adaptation techniques have been developed to
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Table 1. Common Approaches to Presentation Adaptation for Mobile Handheld Devices

Approach

Description

Strengths

Weaknesses

Page splitting

It divides an original Web page
into several smaller sub-pages
that fit the screen size of a
specific mobile device (Hong
et al. 2003).

Users can perform page-by-
page navigation by clicking
the next or previous button or
indexed page numbers.

As the size of a Web page increases, the
number of split pages will increase ac-
cordingly. By nature, this approach just
replaces scrolling with button clicking. It still
suffers from navigation loss.

Content
outlining

It constructs a structured
representation of a Web page
to display content blocks.
Content blocks refer to distinct
content parts of a Web page.

Based on the content struc-
ture, adaptation process will
identify the content blocks of
a Web page and how those
blocks are related to each
other. If a user is interested
in a certain content block,
he/she can drill down in that
block to see further details.

Existing approaches are heuristics based (e.g.,
Bickmore and Schilit 1997), which can only
generate proper structure presentation for a
limited set of Web sites and are hard to
generalize. In addition, when a user expands
a content block, a separate new page will be
opened, causing additional steps to traverse.

Text summary
based approach

It presents only a portion or a
text summary of a Web page
(Lam and Baudisch 2005;
Otterbacher et al. 2006).

It enables users to read those
snippets or summaries before
deciding if they want to see
complete details.

It is difficult to generate an effective summary
for a Web page that can accurately capture the
main idea and information important to users.
There is no empirical evidence about its
impact on user perception of mobile Web yet.

Visualization
based approach

It uses visualization techni-
ques, such as focus and con-
text approach (Bjork et al.
1999) and zooming technique

It provides a progressive
process for expanding
detailed information upon a
user’s request.

In the focus and context approach, users need
frequent switching between the focus and the
context, and the context is normally too small
to be legible. Multiple zooming levels may

(Baudisch et al. 2004) to view
a Web page.

cause users to lose the context easily.

alleviate the problems of intensive scrolling and restricted
navigation during Web browsing. We categorize existing ap-
proaches to presentation adaptation into four categories: page
splitting, content outlining, text summary based approach, and
visualization based approach. The strengths and weaknesses
of each approach are summarized in Table 1.

One of the common limitations of those approaches is the lack
of theories that provide the underlying rationale, which can
help explain why the approaches can influence user perfor-
mance and perception of mobile Web browsing. In addition,
the majority of the limited number of empirical studies on
presentation adaptation often used emulators of mobile
devices on desktop computers. Because those studies by-
passed some technical challenges that users would encounter
while using physical handheld devices (e.g., using a regular
mouse to interact with an emulator on a desktop computer is
much easier than clicking small buttons on a physical
handheld device or using a stylus to interact with the device),
their findings may not truly reflect participants’ actual
performance and perception while using physical devices
(Zhang and Adipat 2005).

Based on extant presentation adaptation approaches and
information processing theories, we propose a hybrid presen-
tation adaptation approach that integrates tree-view (content
outlining), hierarchical text summarization (text summary
based approach), and colored keyword highlighting (visuali-
zation based approach). Our approach is unique in several
aspects. First, the tree-view adaptation approach, a type of
content outlining, automatically generates a hierarchical and
expandable overview of a Web page based on document
object model (DOM) (W3C 2005), which is more flexible and
generic than the heuristic based approach employed in earlier
studies (e.g., Bickmore and Schilit 1997). Users can navigate
through the hierarchical tree view of a Web page and expand
or collapse individual sections as they wish. Because the
content is displayed in the same tree-view page rather than in
a new page, our approach reduces the problem of losing the
context due to multiple zooming levels. Second, we add
hierarchical text summarization and colored keyword
highlighting on top of the tree view to provide users with
additional cues and adaptation. Users can view summaries of
Web content at multiple levels in the tree view, not just a brief
summary of the entire Web site. Third, our colored keyword
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Task Complexity

High: Across-document browsing
Low: Within-document browsing

High: T+H, T+S
Low: T
Lowest: O

T = Tree-view adaptation

H = Colored keyword highlighting

S = Hierarchical text summarization

O = Original display without any adaptation

Figure 1. The Research Model

highlighting approach not only highlights the keywords of
interest appearing on a Web page with different colors, but
also shows the count of keyword appearances in each section
in the tree view.

In this research, we aim to examine the impact of different
presentation adaptation approaches on user performance and
perception of mobile Web browsing on small handheld
devices. The overall research model is shown in Figure 1.

User performance has been commonly assessed by search
accuracy and search time in the human-computer interaction
(HCI) and information seeking literature (e.g., Hicks et al.
2003; Kuo et al. 2004; Speier 2005; Speier and Morris 2003).

Because this study focuses on the interaction between the user
and handheld devices during the task of information search
via Web content browsing, search time and accuracy are
appropriate measures of user performance. User perception
is measured by perceived ease of use and perceived useful-
ness, which are commonly used for evaluating information
technologies and users’ intention to adopt them (Davis 1989;
Doll et al. 1998; Karahanna and Straub 1999). In addition,
because the complexity of information search via Web
browsing varies with the length and structure of individual
Web sites, we also explore the potential moderating effect of
task complexity on the impact of presentation adaptation.
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Presentation Adaptation /
Highest: ALL (T+H+S)

User Performance

Search time

Accuracy

User Perception

Perceived ease of use

Perceived usefulness

Theoretical Foundation and
Hypotheses Development I

Tree-View Presentation Adaptation

Tasks of information search on the Web can be categorized
into search by browsing (i.e., viewing Web pages one at a
time and navigating from one Web page to another through
hyperlinks) and search by queries (i.e., entering a search
query into a search engine) (Olston and Chi 2003). Although
they complement each other, this research mainly focuses on
search by browsing because the content presentation is much
more important and relevant to that type of task than to search
by queries.

Searching for specific information via Web content browsing
is a challenging task that requires support from a system
(Marchinonini 1995). Information presentation is vital to this
task. When reading a document, readers often perform skim-
ming or scanning (Huckin 1983; Sticht 1997). Skimming
refers to very fast reading through the structure of a document
(e.g., headings, subheadings) to gain a general idea of its
content. Scanning is similar to skimming except that users
already know what they want. They scan through content to
find information of interest. The small screen size of mobile



handheld devices makes it difficult for users to obtain a clear
idea about the organization of a Web page (Albers and Kim
2000). Users have to scroll up/down and left/right contin-
uously within a Web page, resulting in inefficient skimming
and scanning. This increases the difficulty in finding target
information (Jones et al. 1999). In addition, because users
need to remember the content and context of a Web page that
they have already viewed, the cognitive load increases,
leading to the increase of errors (Davison and Wickens 1999).

Cognitive fit theory (Vessey 1991) suggests that the corre-
spondence between task and information presentation format
leads to superior task performance. While solving a problem,
aperson creates a mental representation of the problem based
on the information presented to him. This mental representa-
tion reflects how he views the problem in his limited working
memory (Gentner and Stevens 1983). If a mismatch between
task and information presentation occurs, users must make
extra cognitive effort to transform information into a format
that is suitable for accomplishing the task. This extra effort
can result in inferior task performance (Vessey 1994). There-
fore, the information should be presented in a format that
helps users effectively utilize the working memory while
performing a task.

The organization of a document influences the way readers
acquire, remember, and use information (Duin 1989). In
general, when users browse a Web page, they are likely to
rely on its hierarchical structure for navigation so that they
can glance down the table of contents or across the tabs of a
document and immediately understand both the overall
content and its structure (DeStefano and LeFevre 2007;
Redish 1993). Hypertexts that are hierarchically structured to
capitalize on the inherent organization of the content often
result in better comprehension, recall, and navigation (Lin
2003). Past studies using desktop computers suggest that
providing information about the structure of Web sites is of
utmost importance in Web browsing (Nation et al. 1997;
Zhang and Salvendy 2001).

One of the well-recognized techniques for effective infor-
mation search via Web browsing on desktop computers is the
tree-view hierarchical display approach (Johnson and
Shneiderman 1991; Nation etal. 1997; Robertson etal. 1991).
This approach presents the content of a Web page in a tree-
type, multilevel hierarchy. Instead of showing the original
Web content entirely, it first displays major section titles in a
Web page at the highest level of the tree. Users can click a
section title of interest, and the tree will either expand to show
the next-level branches or display the detailed content of the
selected section (if no subsections are available). However,
previous studies and findings were based on desktop com-
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puters. It remains unclear whether providing the tree-view
adaptation can improve Web browsing on handheld devices.

Based on cognitive fit theory, we argue that the tree-view

hierarchical presentation of Web pages would be a good fit
for the information search via browsing task on mobile
handheld devices and should be an essential component of
presentation adaptation for mobile Web. Tree-view adapta-
tion effectively utilizes limited display space to present the
structure and content of a Web page; it provides users with
both global and local views of Web content and allows quick
content scanning and skimming (Johnson and Shneiderman
1991; Nation et al. 1997). In addition, tree view is very intui-
tive and familiar to users (like browsing a book through its
table of contents), alleviating the need for users to create a
mental model of a Web page’s structure when browsing for
target information. More effective information presentation
can enhance users’ perceptual processes and lead to more
effective information exploration (Tegarden 1999). There-
fore, we predict that the tree-view presentation adaptation
will improve user performance (i.e., search time and
accuracy) and user perception (i.e., perceived ease of use and
usefulness) in the task of mobile Web browsing. Therefore,
the first hypothesis is proposed as follows:

H1: For information search via mobile Web browsing, the
tree-view presentation adaptation will lead to
(a) reduction in search time,
(b) increase in search accuracy,
(c) increase in perceived ease of use, and
(d) increase in perceived usefulness.

Presentation Adaptation with Hierarchical
Text Summarization

Users often find it difficult to locate information of interest
quickly while browsing a Web site. The reason for this
difficulty lies in the lack of enough information to provide
appropriate “scent” to the user (Olston and Chi 2003). Infor-
mation foraging theory (Pirolli 2007), which is related to
adaptive interaction with information, seeks to explain how
human beings search for information. It is widely used as a
theoretical foundation by researchers who study user inter-
action with Web sites and examine how to adapt information
systems to improve users’ information search experience.

The theory posits that the information search behavior of
humans is analogous to the food foraging mechanisms of
animals. An animal relies on scent from prey to make a deci-
sion on whether or not it should stay on a site or change
location to find additional food. In a similar manner, when
searching for information, people rely on information scent
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(Pirolli 2007), which can be defined as various information
cues that help people determine the potential information
value. Based on those information cues, people make a deci-
sion about whether they should stay on the current Web page
(or section) or traverse to another one via a hyperlink. Infor-
mation scent is vital to information search via browsing
because it indicates the utility and relevance of navigation
paths that may lead to target information.

Based on the information foraging theory, we argue that it is
important for a mobile Web system to provide users with
strong information scents to enable effective content skim-
ming and scanning. In addition to presenting the structure of
a Web page through a tree view, an adapted presentation
should also provide some cues (i.e., information scent) about
the content of each section or branch in the tree view so that
users can assess the information utility of a particular path
before following it. Those cues can be either textual or visual
representation (e.g., text labels, colors, font, and size of text)
of the content (Furnas 1997; Pirolli et al. 2001).

Text summarization, a process of abstracting the main gist
from an information source to produce a condensed repre-
sentation of content (Hahn and Mani 2000), has been widely
used as an information scent in information retrieval to help
users quickly identify documents of interest (Chi et al. 2005;
Harper and Patel 2005). Good summaries of Web content can
provide the user with some level of indication about the
relevancy of the content to the user’s need before perusing the
full content. There are a few preliminary studies on devel-
oping summarization techniques for mobile handheld devices
(e.g., Buyukkokten et al. 2001; Yang and Wang 2003). How-
ever, they mainly focus on technical approaches to summari-
zation. For example, Yang and Wang (2003) have proposed
a fractal summarization approach. Their evaluation primarily
focuses on the quality of generated summaries rather than the
impact of summaries on mobile Web browsing and user
perception. Extant research in desktop environments reports
that text summarization is a useful tool that helps users find
information faster and improves user satisfaction (Harper and
Patel 2005; McDonald and Chen 2006; McKeown et al.
2005). Therefore, we predict that adapting presentation by
providing hierarchical text summaries of Web content in tree
view will have a positive impact on information search via
Web browsing on handheld devices. Our second hypothesis
is proposed as follows:

H2: Forinformation search via mobile Web browsing, adding
hierarchical text summarization to the tree-view
presentation adaptation will lead to
(a) reduction in search time,

(b) increase in search accuracy,
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(c) increase in perceived ease of use, and
(d) increase in perceived usefulness.

Presentation Adaptation with Colored
Keyword Highlighting

Another adaptation method that can provide information scent
for Web browsing uses colors to make the target information
easily noticeable (Pirolli et al. 2003). When browsing a Web
page, users often look for certain keywords or sentences of
interest rather than reading the entire page (Nielsen 2000).
Research also suggests that the use of information visuali-
zation would enhance users’ perceptual processes and lead to
more effective information exploration (Olston and Chi 2003;
Tegarden 1999). In particular, highlighting keywords in a
document with noticeable colors has been found to be the
most effective way to draw readers’ attention and help them
locate target words or sentences (Hoadley et al. 1996).

Some studies conducted in desktop environments (e.g., Fisher
et al. 1989; Wu and Yuan 2002) have investigated the effect
of keyword highlighting in information search tasks. Most of
them found that keyword highlighting improved users’ search
performance. In this study, in addition to highlighting various
keywords in different colors, the proposed colored keyword
highlighting adaptation also automatically counts and displays
the number of keyword occurrences within every branch at
each level of the tree view. Such cues (i.e., information scent)
in both the tree view and Web content itself can help users
identify which tree branch should be explored and quickly
scan through the content and locate the target information.
We predict that such a positive impact of colored keyword
highlighting should be extended to the mobile Web environ-
ment. The third hypothesis is proposed as follows:

H3. Forinformation search via mobile Web browsing, adding
colored keyword highlighting to the tree-view presenta-
tion adaptation will lead to
(a) reduction in search time,

(b) increase in search accuracy,
(c) increase in perceived ease of use, and
(d) increase in perceived usefulness.

Given the above-mentioned different types of presentation
adaptation techniques, one might ask: Will more presentation
adaptation features result in better user performance and
perception? The presentation adaptation is aimed to better
organize and present the Web content in the limited screen
space in order to facilitate users’ content scanning and skim-
ming, as well as help them identify the relevant portion(s) of
a Web page that may contain what they are looking for.
Based on cognitive fit theory and information foraging theory,



a larger number of useful information cues provided by
presentation adaptation should generally help users find the
target information more easily and quickly, thus improving
their perceived ease of use and usefulness of the adaptive
mobile Web system. Specifically, hierarchical text summari-
zation and colored keyword highlighting adaptations provide
two independent yet complementary information scents. We
predict that the presence of additional effective adaptation
features should offer more useful information cues, which can
in turn lead to better user performance and perception. Our
fourth hypothesis is as follows:

H4: Forinformation search via mobile Web browsing, adding
both hierarchical text summarization and colored key-
word highlighting to tree-view adaptation will lead to
(a) a greater reduction in search time,

(b) a greater increase in search accuracy,

(c) a greater increase in perceived ease of use, and
(d) a greater increase in perceived usefulness

than adding only hierarchical text summarization or
colored keyword highlighting to tree-view adaptation.

Task Complexity

The complexity of an information search task is “a central
feature in determining the task performance and consequent
information needs. It has been associated with the predeter-
minability of, or uncertainty about, the task” (Vakkari 1999,
p- 825). According to Campbell’s (1988) framework of task
complexity, there are four primary task characteristics that can
increase task complexity:

(1) Multiple paths: Task complexity increases when there
are multiple ways (i.e., paths) to perform a task, but only
one of them leads to the desirable outcome.

(2) Multiple outcomes: When there are a number of
desirable outcomes, task complexity increases because
there is more information processing involved in the task.

(3) Conflicting interdependence: If achieving one desirable
outcome conflicts with achieving another one, task
complexity increases.

(4) Uncertain or probabilistic linkages: The uncertainty of
selecting links from a large pool of potential paths to
reach a desirable outcome increases task complexity.

Complex tasks of information search via Web browsing,
which can be manifested by the large volume of content
and/or the large number of hyperlinks within Web pages, may
change the effect of presentation adaptation. Web browsing

Adipat et al./Tree-View Adaptation and Mobile Web Browsing

is considered a nonlinear reading behavior in which users
have control over the order and inclusion/exclusion of infor-
mation that they want to read (Charney 1987). When task
complexity is low, information that needs to be processed and
the number of decisions to be made are limited (Payne 1982).
People normally rely on analytical processing when they have
sufficient working memory for information processing (Speier
and Morris 2003). Complex tasks contain much more infor-
mation than simple tasks (Wood 1986), thus involving a
higher cognitive load that requires significant attention and
mental effort (Speier and Morris 2003). As a result, the
working memory may not be sufficient to hold all of the
information. People have to find other ways to reduce their
cognitive load by relying more on perceptual process—
visually perceiving information and understanding its
meaning (Simon and Lea 1974)—because a perceptual pro-
cess requires less cognitive effort than an analytical process
(Payne et al. 1988; Speier and Morris 2003). Accordingly, the
cognitive processing shifts from analytical to perceptual
processes in complex tasks.

With tree view, users can perform nonlinear reading behavior
on handheld devices due to restructuring of Web content that
allows users to select topics of interest and skip the rest,
which reduces the amount of required scrolling. Because tree
view addresses the fundamental challenge in Web content
presentation by reducing users’ cognitive load, its benefit in
improving mobile Web browsing/searching should be
demonstrable in both simple and complex tasks.

Research on the relationship between task complexity and
Web page structure has primarily applied the findings of
earlier studies on menu structures (e.g., Jacko and Salvendy
1996; Norman and Chin 1998) to Web page structure
(Galletta et al. 2006; Larson and Czerwinski 1998; Parush and
Yuviler-Gavish 2004). Many studies have focused on the
impact of the depth and breadth of Web page structure on
navigation. Breadth refers to the number of options (e.g.,
hyperlinks or choices) per level, and depth refers to the
number of levels in a hierarchy (Lazar 2005). On the one
hand, people have a short-term memory that holds limited
information within a limited time frame (Miller 1956).
Directly presenting a complex Web page on a handheld
device enforces users to do more scrolling (Jones et al. 1999),
placing higher demands on users’ short-term memory (Albers
and Kim 2000). By offering several advantages in com-
parison to direct display of Web pages, such as reducing
screen clutter and conveying content navigation structure, the
hierarchical tree-view adaptation reduces the demands on
users’ short-term memory, as well as the cognitive load in
keeping track of where they are located. From this perspec-
tive, the tree view would offer more benefit to users when
browsing more complex Web pages (i.e., performing a more
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complex task). On the other hand, when a tree has greater
breadth and depth, resulting from a complex Web page, the
rigidity of the hierarchical tree view may cause difficulties in
information search via browsing tasks. Users must make
repeated choices at each level of the tree to determine which
branch of the tree they should expand or backtrack through
the hierarchy (i.e., branch selection). The evaluation of
different alternatives increases the user’s cognitive processing
workload (Johnson and Payne 1985), which in turn would
lead to longer task completion time and increased perception
of disorientation and complexity (Galletta et al. 2006; Jacko
and Salvendy 1996; Larson and Czerwinski 1998).

Similarly, the user perceived ease of use and usefulness of
tree-view adaptation may not change as the complexity of
information search via browsing tasks increases either,
because a good fit between the task and the technology can
mitigate the reduction of users’ perceived ease of use and
perceived usefulness as task complexity increases (Kamis et
al. 2008). In view of such a trade-off, we predict that the
effect of tree-view adaptation on user performance and
perception will not vary with the task complexity. Our
hypothesis about no moderating effect of task complexity on
the impact of tree-view adaptation is as follows:

HS: Search task complexity will not moderate the effect of
tree-view adaptation on
(a) search time,
(b) search accuracy,
(c) perceived ease of use, or
(d) perceived usefulness.

The hierarchical tree-view structure requires a user either to
recall or to discover a pathway from the present location to
the target location. As the depth and breadth of a hierarchical
tree increase with the complexity of a Web page, the user
must examine and compare each alternative tree branch so as
to determine the most promising path to accomplish the task
(Campbell 1988; Newell and Simon 1972). When cognitive
processing demands are high, people tend to narrow their
attention on relevant cues and conspicuous information
(Berlyne 1997; Speier et al. 2003). Researchers have sug-
gested that visual presentation and link labels would help
users alleviate their cognitive load in complex information
search tasks and make users perceive complex tasks to be less
complex (Campbell and Maglio 1999; Kosslyn 1989;
Nadkarni and Gupta 2007; Speier and Morris 2003). Those
link labels “may act as cues to enable interpretation and lead
to more informed navigational choices” (Baron et al. 1996,
p. 899).

Larson and Czerwinski (1998) suggest that hierarchical
structures with a strong scent for the target information at the
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top levels of the hierarchy would perform better than those
without. Both hierarchical text summarization and colored
keyword highlighting adaptations are aimed at enhancing
information scent in the tree-view hierarchy to alleviate users’
cognitive load and efforts, especially when browsing complex
Web pages. Buyukkokten et al. (2001) argue that summari-
zation adds more value to larger documents. The proposed
hierarchical text summarization adaptation generates a sum-
mary for every single branch of interest at all levels of the tree
view. Those summaries are expected to provide useful cues to
users when they select a path in the hierarchy to reach the
target information, thus improving the tree view by reducing
users’ cognitive load and improving their performance and
perception. The positive influence of summaries is expected
to be greater when browsing complex Web sites than simple
ones because those information cues are more important to
users for path selection in a more complex tree hierarchy.
Therefore, our hypothesis about the moderating effect of task
complexity on the impact of hierarchical text summarization
is as follows:

H6: The greater the search task complexity, the greater the
positive effect of adding hierarchical text summarization
to tree-view adaptation on
(a) search time,
(b) search accuracy,
(c) perceived ease of use, and
(d) perceived usefulness.

Another common approach to reducing cognitive processing
is through the use of visualization techniques that reduce the
amount of information examined (Smelcer and Carmel 1997).
One important perceptual property of human beings is
preattentiveness (Triesman 1985), which refers to visual
properties that a person can perceive in fewer than 250
milliseconds without having to scan the visual field serially
(Ware 2004). Preattentiveness explains why a small amount
of color highlighting is so effective at drawing the attention.
Especially, this perceptual property becomes more important
to information search in complex Web sites.

In addition to highlighting all the keywords appearing in a
specific content section, the proposed colored keyword
highlighting adaptation also presents the total count of each
keyword appearance within each subsection in tree view.
Those scents available in both the tree view and the content
itself would not only reduce users’ effort in choosing an
appropriate path in the tree-view hierarchy, but also help them
quickly identify information of interest through those
keywords highlighted in different colors. The more complex
the Web pages are, the more positive impact and help those
scents would provide. Therefore, our hypothesis about the



moderating effect of task complexity on the effect of colored
keyword highlighting is as follows:

H7. The greater the search task complexity, the greater the
positive effect of adding colored keyword highlighting to
tree-view adaptation on
(a) search time,

(b) search accuracy,
(c) perceived ease of use, and
(d) perceived usefulness

Finally, as the complexity of information search via browsing
task increases (e.g., larger amount of Web content with more
hyperlinks), the need for information scents to help locate
desirable information will be stronger. As discussed earlier,
we predict that task complexity positively moderates the
individual effect of hierarchical text summarization and
colored keyword highlighting on users’ information search
performance and perception. Therefore, we expect that as
task complexity increases, the effect of adding integrated
adaptation of hierarchical text summarization and colored
keyword highlighting to tree view will be stronger than that
of adding hierarchical text summarization and colored
keyword highlighting separately. Our final hypothesis is
proposed as follows:

H8: The greater the search task complexity, the greater the
positive effect of adding both hierarchical text summari-
zation and colored keyword highlighting, as compared to
adding only one of them, to tree-view adaptation on
(a) search time,

(b) search accuracy,
(c) perceived ease of use, and
(d) perceived usefulness.

Research Methodology I

The hypotheses were tested through a controlled laboratory
experiment with a 5 x 2 factorial design with presentation
adaptation (five conditions of presentation adaptation) being
awithin-subjects factor and task complexity (high complexity
versus low complexity) being a between-subjects factor.
Participants were asked to perform two information search
tasks via Web browsing independently using five different
mobile Web systems. A different Web site was randomly
selected for each presentation adaptation condition from five
pre-identified Web sites. Each participant was randomly
assigned to one of the two groups (i.e., low- and high-
complexity task groups), and was asked to answer two
different questions about each designated Web site. The
laboratory testing allows participants to concentrate on the

Adipat et al./Tree-View Adaptation and Mobile Web Browsing

given tasks and minimizes potential confounding effects of
other factors, such as lighting, user mobility, and other
distractions, on the use of mobile devices that often exist in
field studies.

Mobile Web Prototype Systems

We developed mobile Web prototype systems using Java
Servlet, Java Micro Edition (Java ME), and Sun’s Java ME
Wireless toolkit. The IBM J9 runtime environment was used
as the Java Virtual Machine to run on the HP iPAQ h4355
Pocket PC, the PDA we used in the experiment. PDAs have
been widely used for reading eBooks and browsing Web
content. They are considered to be a more representative
mobile device than cell phones for this type of task (Barnard
et al. 2005). The HP iPAQ h4355 Pocket PC provides
integrated Bluetooth and WLAN 802.11b for wireless
communication and Internet access. It has 32MB Flash
ROM, 64MB SDRAM, 240 x 320 display resolution, and a
3.5 inch transflective screen.

To test the hypotheses, we implemented five different proto-
type systems. The first system (O) directly displayed an
original Web page in the IE browser without any adaptation
(see Figure A1 in Appendix A). The second prototype system
(T) was equipped with tree-view adaptation by adopting
DOM, a standard that creates a logical structure of HTML and
XML documents in the form of tree-like representation (W3C
2005). Each node in a DOM tree represents an object
embedded in a Web document. Examples of objects are
HTML/XML tags, images, and text. These objects are related
to each other as parent or child nodes in the tree-view, and the
child nodes of the same parent node are at the same level in
the tree hierarchy (see Figure A2 in Appendix A). We
developed an algorithm that generates the DOM tree ofa Web
page at run time. When a user opens a Web page using this
version of the mobile Web system, an overview of the page
structure is presented in a tree hierarchy. The user can then
expand any section (i.e., a tree branch) to view its detailed
content or subsection list by clicking on the bullet preceding
the section title (see Figure A3 in Appendix A).

The third system (T+S) enhanced tree view with hierarchical
text summarization. There are two major approaches to
automatic text summarization: knowledge-poor (extraction)
and knowledge-rich (abstraction) methods. The former gener-
ates a summary by selecting salient units from a document
and concatenating them without changing any words or struc-
ture in the units (Hahn and Reimer 1999). In contrast, the
knowledge-rich approach applies natural language processing
techniques, including grammar and lexicons for syntactic and
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possible semantic parsing, to generate a summary. Our focus
in this study is not to explore different summarization
approaches, but to examine the potential impact of hier-
archical text summarization on information search. Thus, we
adopt a commonly used heuristic approach to text summari-
zation by extraction, which generates a summary by aggre-
gating the first sentence of each paragraph in a Web page
(Harper and Patel 2005). Users could view the summary of
any content section by clicking on its section title in the tree
view. Then, the system would present the summary in a pop-
up window. If a user is interested in reading the full content
after viewing its summary, he could click the “full content”
button at the bottom of the interface (see Figure A4 in
Appendix A).

The fourth mobile Web system (T+H) incorporated colored
keyword highlighting into the tree-view adaptation. All ofthe
words or phrases in a Web page that match the keywords or
phrases specified in the user profile were automatically high-
lighted in different colors. In addition, colored keyword
highlighting also provides the total counts of keyword appear-
ances within each subsection in the tree view (see Figure AS
in Appendix A). The fifth version of the system (the ALL
version) was implemented by integrating all three types of
adaptations described above.

According to keywords and search engine statistics,” more
than 84 percent of information search queries consist of three
or fewer keywords. In our experiment, before using the T+H
and ALL versions of the system, each participant selected
three keywords from a list of ten system suggestions for each
question to create or update his/her user profile in advance.

Researchers have pointed out that the selection of search
keywords is a common way to introduce experimenter bias to
usability testing. People may have different ways to express
the same concept (Kéki and Aula 2008), thus resulting in
significant differences in outcome that have little to do with
the system interface or content presentation that is being
evaluated. To control for this variability, participants are
often asked to use specific keywords predetermined by
researchers instead of choosing keywords by themselves in
the experiment (Buyukkokten et al. 2001; Chi et al. 2007;

Hearst 2009; Woodruff et al. 2001). Similarly, we did not
allow participants to specify keywords completely on their
own in this study. The candidate keywords were generated in
a consistent manner based on the questions and domain-
related terms, which simulates the generation of keywords in
reality. Specifically, for any question and its associated Web
page/site, half of the candidate keywords were nouns and

3http://Www.keyworddiscovery.com/keyword-stats.html.
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noun phrases extracted from the question directly, and the
other half came from the Web site. For example, for the ques-
tion “What is the top speed of a new generation of the high-
speed rail train FASTECH in Japan?,” the list of potential
keywords for participants to choose from consists of nouns or
noun phrases extracted from the question, including top
speed, new generation, high-speed rail train, FASTECH, and
Japan, as well as several other domain-related terms such as
bullet train, speed record, and Shinkansen technology that
appear in the Web site associated with the question.

In order to assess the effect of presentation adaptation, we
tried to minimize the potential influence of other system func-
tionalities. For example, participants were not allowed to use
the “find” function of the Internet browser in all five systems.
Enabling that function could complicate the interpretation of
the results.

Independent and Dependent Variables

Independent Variables

Presentation adaptation was operationalized by five system
conditions: direct presentation of an original Web site with-
out any adaptation (O), tree-view adaptation (T), tree-view
enhanced by hierarchical text summarization adaptation
(T+S), tree-view enhanced by colored keyword highlighting
adaptation (T+H), and integrated presentation adaptation
(ALL—T+H+S). As discussed earlier, the tree view of the
Web page structure is believed to be essential to the presenta-
tion adaptation for handheld devices. Therefore, the tree view
adaptation was included in all adaptive system conditions.

A task is more complex when there are a large number of
alternatives or attributes from which to choose from (Kamis
et al. 2008; Payne et al. 1988). In this research, the task
complexity was operationalized as within-document browsing
and across-document browsing (Marchinonini 1995). Based
on the information seeking behavior theory (Marchinonini
1995), within-document browsing refers to navigating a single
Web page, while across-document browsing refers to navi-
gating across multiple Web pages in order to find target
information. Based on Campbell’s (1988) framework of task
complexity, there are distinct differences between within-
document and across-document browsing tasks. First,
compared to within-document browsing, across-document
browsing involves many more potential paths (hyperlinks) for
users to assess and explore, resulting in an increase of task
complexity. Second, there is little uncertainty in within-
document browsing because all information is contained



inside the current Web page. In contrast, in across-document
browsing, uncertainty will inevitably occur when users
attempt to choose a hyperlink from a number of alternatives
(Germonprez and Zigurs 2005). Adding the much increased
content of Web sites, an information search task via across-
document browsing is much more complex than via within-
document browsing.

Dependent Variables

Accuracy was measured by the percentage of correctly
identified answers to the given questions. Participants were
required to find answers from five Web sites using different
versions of mobile Web systems (one Web site per system).
There were two questions about each Web site. All questions
were fact-based (see sample questions in Appendix C). The
maximum score a participant could receive was 10 points,
with 1 point for each correct answer. There were no partial
credits. Participants had to write answers on paper. They
could only see one question at a time and could not move to
the next question until they either provided an answer or were
asked to stop when the task time ran out. In the latter case,
the participant’s answer was considered incorrect. The cut-
off time thresholds (3 minutes for simple tasks and 5 minutes
for complex tasks) were determined based on a pilot study.
They were much shorter than the time needed to read the
entire content without skimming and scanning.

Search time was measured by the time that a participant took
to find an answer to a given question (excluding the Web site
downloading time). In the experiment, participants had to
click a “start” button on the user interface when they were
ready to open and browse a Web site. As soon as they found
an answer to the current question, they pressed a “stop”
button to stop the clock. The starting and ending time was
automatically recorded by the system. The participants were
not allowed to browse the Web site again once they had
pressed the “stop” button. Both accuracy and search time for
each mobile Web system were averaged over the two
questions.

The instruments for measuring perceived ease of use and
usefulness of presentation adaptation were adapted from those
proposed in the technology acceptance model (Davis 1989).
Perceived ease of use refers to the degree to which a user
believes that adapted presentation can be used effortlessly,
and perceived usefulness refers to the degree to which a user
believes that presentation adaptation can improve his/her task
performance. All of the survey questions were measured on
a seven-point Likert scale, with 1 indicating “strongly
disagree” and 7 indicating “strongly agree.”
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Tasks and Experimental Procedure

In order to minimize the learning effect, five different Web
sites were selected for both low- and high-complexity tasks.
Although those Web sites varied in their content—which were
about geography, history, sports, nature, and science, respec-
tively—they were carefully modified to have similar size and
the same content structure so that the potential effect of length
and structural difference can be ignored.

The simple tasks required participants to search for informa-
tion by browsing a single Web page that did not contain any
hyperlinks. The generated tree view of such pages had only
one level that included nine items (i.e., nine sections). Partici-
pants had to get into one of those sections to look for an
answer. The complex tasks involved a different set of five
Web pages. The generated tree view of each complex Web
site consisted of three levels, each containing 25 hyperlinks.
Participants had to traverse across Web pages through those
hyperlinks to find target Web pages that contained answers to
the given questions. The total number of words in each Web
site used for complex tasks was about 10 times of that for
simple tasks (30,000 = 200 words per Web site for complex
tasks versus 3,000 = 100 words for simple tasks). Answers to
two questions related to a complex Web site were located in
two separate Web pages. The order of questions was
randomized.

To minimize the potential learning effects resulting from the
within-subjects design (Boslaugh and Watters 2008), we
randomized the sequence of five system conditions and the
selection of Web sites for each system for each participant
based on the Latin square design of size five (Maxwell and
Delaney 2000). We conducted a pilot study with 10 under-
graduate students, who were recruited from a public univer-
sity located on the east coast of the United States. Each
student owned a handheld device and had prior experience
with mobile Web browsing. The results of the pilot study
indicated that task requirements were clear and appropriate,
and prototype systems were stable and reliable. No problems
regarding systems and experimental procedures were
reported.

Before starting the formal experiment, participants took a
knowledge test that assessed their existing knowledge on the
subject matters of selected Web sites and questions that would
be used in the formal study. The test results revealed that
none of the participants had any prior knowledge about those
questions. The participants then went through a training ses-
sion, in which they saw demonstrations of five versions of the
mobile Web system and practiced a few information search
exercises using the systems. The formal experiment started
once the participants felt comfortable with using the systems.
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During the formal experiment, the participants first performed
information search tasks using one of the five mobile Web
systems, and then completed a questionnaire related to their
perceptions of the system they just used. This process was
repeated for each of the other four mobile Web systems.
Participants were instructed to find correct answers as quickly
as possible. After participants completed all of the tasks, they
were asked to rank the five systems in terms of their
preference. In order to minimize the potential impact of
confounding factors such as environment and mobility on user
performance during the experiment, participants were asked
not to pick up the PDA from a cradle placed on the table and
were required to sit in their chair while browsing.

Participants

A total of 60 university students participated in this study.
Among them, 60 percent were male; 23 percent were graduate
students, and 77 percent were undergraduates. Through a pre-
study questionnaire, we ensured that all participants had prior
experience with mobile Web browsing. Because university
students are a major group of users of handheld devices, they
are appropriate for this research. Participants were randomly
assigned to one of the two task groups (25 participants in the
simple task group and 35 in the complex task group). No
significant difference was found in gender, age, and prior
experience with the usage of handheld devices between
participants in the two groups.

Each participant received $10 in cash or extra course credits
as compensation for their participation in this study. To
further motivate participants to try their best in the tasks, we
offered extra bonuses (extra $30, $20, $10, and $10) to the top
four participants in each group who found all answers
correctly with the shortest time.

Data Analysis and Results I

We used repeated measures ANOVA to analyze the effect of
presentation adaptation and task complexity. We also used
the Bonferroni multiple comparison because it is a robust
method and is recommended to be used for multiple com-
parisons in the within-subjects design (Maxwell and Delaney
2000).

Search Time

The descriptive statistics of search time is reported in Table 2.
ANOVA on search time shows a significant main effect of
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presentation adaptation (F(2,105) = 83.1, p < 0.05) and task
complexity (F(1,58) = 53.47, p < 0.05), as well as the inter-
action effect (F(2,105)="7.74, p <0.05) between presentation
adaptation and task complexity. The significant interaction
suggests that the effect of presentation adaptation could be
moderated by task complexity; therefore, following Jiang and
Benbasat’s (2007) approach, we analyzed the search time in
more detail by conducting multiple comparisons of presenta-
tion adaptations at each level of task complexity separately.

First, the search time used by participants when they used any
of the four mobile Web systems with presentation adaptation
was significantly less than the search time used by partici-
pants while using the mobile Web system without any
adaptation (i.e., the O condition) (p < 0.01).

As shown in Tables 3 and 4, in both simple and complex
tasks, tree-view adaptation (T) appears to lead to significantly
less search time than no presentation adaptation (O) (p <
0.01). Therefore, H1(a) is supported and H5(a) is supported.
The difference in search time between the T and T+S
conditions is close to significance in the complex task (p =
0.07), but is far from significance in the simple task (p =
1.00), so H2(a) is not supported, and H6(a) is supported.

Further, the difference in search time between the T and T+H
conditions is significant only in the complex task (p < 0.01),
but not in the simple task (p = 0.62). Thus, H3(a) is partially
supported and H7(a) is supported. There is no difference in
search time between the T+H and ALL conditions (p > 0.05),
and the difference between the T+S and ALL conditions only
exists in the complex task (p < 0.01). Therefore, H4(a) and
HS(a) are partially supported.

Search Accuracy

The descriptive statistics of search accuracy is reported in
Table 5. Repeated measure ANOVA on accuracy reveals a
significant main effect of presentation adaptation (#(2,102) =
13.05, p < 0.01), but no significant main effect of task
complexity (F(1,58) = 2.88, p > 0.05) and the interaction
between task complexity and presentation adaptation
(F(2,102) = 13.05, p > 0.05). Therefore, we combined data
collected from both simple and complex tasks for analysis.

As the results of contrast analysis in Table 6 show, partici-
pants achieved higher accuracy when they used mobile Web
systems with presentation adaptation (i.e., T, T+S, T+H, and
ALL) than without any adaptation (O) (p < 0.01). Because
tree-view adaptation (T) led to higher search accuracy than
direct display without presentation adaptation (O), hypothesis
H1(b) is supported. However, no difference in the search
accuracy was detected among the four adaptive system condi-
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Table 2. Descriptive Statistics of Search Time

Presentation Task Search Time (Seconds) Sample
Adaptation Complexity Mean Std. Dev. Size
o High 173.06 13.43 35
Low 90.52 10.19 25
T High 91.12 8.52 35
Low 29.56 3.64 25
High 71.71 5.97 35
T+8 9
Low 25.53 3.60 25
High 47.02 2.91 35
T+H
Low 21.92 1.80 25
High 51.01 3.62 35
ALL
Low 24.80 2.61 25

Table 3. The Results of Multiple Comparisons on Search Time in Simple Tasks

Mean Difference

(I) Group (J) Group (1-J) Std. Error Sig.
T 60.96 9.83 0.00**
o T+S 64.99 10.21 0.00**
T+H 68.61 9.69 0.00**
ALL 65.72 10.58 0.00**

T+S 4.03 5.47 1.00

T T+H 7.65 3.90 0.62

ALL 4.75 3.67 1.00

T+ T+H 3.62 4.01 1.00

ALL 0.73 4.64 1.00

T+H ALL -2.89 3.09 1.00

**p <0.01

Table 4. The Results of Multiple Comparisons on Search Time in Complex Tasks

Mean Difference

(I) Group (J) Group (1-J) Std. Error Sig.
T 81.94 13.02 0.00**
o T+S 100.34 12.73 0.00**
T+H 126.03 12.18 0.00**
ALL 122.05 12.66 0.00**

T+S 18.40 6.46 0.07
T T+H 44.09 6.69 0.00**
ALL 40.11 7.06 0.00**
T+H 25.69 4.74 0.00**

T+S

ALL 21.71 5.02 0.00**

T+H ALL -3.98 2.83 1.00

*p <0.05; **p < 0.01
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Table 5. Descriptive Statistics of Accuracy (%)

Presentation Task Accuracy (Percentage of Correct Answers)
Adaptation Complexity Mean Std. Dev.

High 771 30.54
0] Low 86.0 27.08
Total 80.8 29.24
High 95.7 14.20
T Low 98.0 10.00
Total 96.7 12.58
High 94.3 16.14
T+S Low 100.0 0.00
Total 96.7 12.58
High 98.6 8.45
T+H Low 98.0 10.00
Total 98.3 9.05
High 98.6 8.45
ALL Low 100.0 0.00
Total 99.2 6.45

Table 6. The Results of Multiple Comparisons on Accuracy (%)

(I) Group (J) Group Mean Difference (I-J) Std. Error Sig.
T -15.8 4 0.004**
o T+S -15.8 4 0.004**
T+H -17.5 4 0.002**
ALL -18.3 4 0.00**
T+S 0 2 1.00
T T+H -1.7 2 1.00
ALL -2.5 2 0.99
T+H -1.7 2 1.00
T+S
ALL -2.5 1 1.00
T+H ALL -0.8 2 1.00
**p < 0.01

tions (p > 0.05). Therefore, hypotheses H2(b), H3(b), and
H4(b) are not supported. Further, the lack of interaction
effect between presentation adaptation and task complexity
suggests that the impact of presentation adaptation on search
accuracy is not moderated by task complexity. Therefore,
hypothesis H5(b) is supported, but H6(b), H7(b), and H8(b)
are not supported.

112 MIS Quarterly Vol. 35 No. 1/March 2011

Perceived Ease of Use

The descriptive statistics of perceived ease of use (PEOU) and
perceived usefulness (PU) are presented in Table 7. Cron-
bach’s alpha of PEOU and that of PU of Mobile Web systems
are 0.78 and 0.95, respectively, showing high reliability.
ANOVA reveals a significant main effect of presentation
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Table 7. Descriptive Statistics of Perceived Ease of Use and Perceived Usefulness

Presentation Task Perceived Ease of Use Perceived Usefulness

Adaptation Complexity Mean Std. Dev. Mean Std. Dev.
(0] High 3.94 1.15 2.63 1.30
Low 3.93 0.80 2.41 1.06
T High 5.73 0.71 5.31 0.86
Low 6.37 0.56 5.96 0.90
T+S High 5.51 1.06 5.42 1.07
Low 6.41 0.62 6.04 0.63
T+H High 6.19 0.72 6.36 0.68
Low 6.41 0.52 6.55 0.42
ALL High 6.12 0.78 6.33 0.77
Low 6.5 0.57 6.56 0.51

Table 8. Multiple Comparisons on Perceived Ease of Use in Simple Tasks

Mean Difference

(I) Group (J) Group (1-J) Std. Error Sig.
T -2.44 0.17 0.00**
T+S -2.48 0.21 0.00**
© T+H -2.48 0.19 0.00**
ALL -2.57 0.21 0.00**

T+S -0.04 0.099 1.00

T T+H -0.04 0.10 1.00

ALL -0.13 0.099 1.00

T+H 0.00 0.10 1.00

T+S
ALL -0.09 0.08 1.00
T+H ALL -0.09 0.08 1.00
**p < 0.01

adaptation (F(3,163) = 144.65, p < 0.01), task complexity
(F(1,58) = 8.36, p < 0.01), and the interaction between
presentation adaptation and task complexity (F(3,163)=4.56,
p <0.01) on PEOU. The significant interaction effect sug-
gests that the effect of presentation adaptation on PEOU could
be moderated by task complexity; therefore, we analyze it in
more detail by conducting multiple comparisons of presenta-
tion adaptation on PEOU at two levels of task complexity
separately. The results are shown in Table 8 and Table 9,
respectively.

Tables 8 and 9 show that the tree-view adaptation improves
PEOU considerably in both simple and complex tasks (p <
0.01), so H1(c) is supported and H5(c) is supported. How-
ever, no difference was detected in PEOU between the T and
T+S conditions for both simple and complex tasks (p > 0.05),

suggesting that providing hierarchical text summaries did not
further improve PEOU of the mobile Web system. Therefore,
H2(c) and H6(c) are not supported. Despite there being no
significant difference in PEOU between the T and T+H condi-
tions for simple tasks, providing colored keyword high-
lighting for tree view was found to further improve the PEOU
in complex tasks (p < 0.05). So H3(c) is partially supported
and H7(c) is supported. Finally, the effect of adding both
hierarchical text summarization and colored keyword high-
lighting to tree view (ALL), in comparison to the effect of
adding only hierarchical text summarization to tree view, is
significant in complex tasks (p < 0.01) but insignificant in
simple tasks (p > 0.05); however, the effect, in comparison to
adding only colored keyword highlighting to tree view, did
not vary with the task complexity. Therefore, H4(c) and
HS(c) are partially supported.
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Table 9. Multiple Comparisons on Perceived Ease of Use in Complex Tasks

(I) Group (J) Group Mean Difference (I-J) Std. Error Sig.
T -1.79 0.20 0.00**
T+S -1.56 0.22 0.00**
© T+H -2.25 0.19 0.00**
ALL -2.18 0.18 0.00**
T+S 0.23 0.17 1.00
T T+H -0.46 0.14 0.02*
ALL -0.39 0.12 0.03*
T+H -0.69 0.20 0.01*
T+S
ALL -0.61 0.13 0.00**
T+H ALL 0.07 0.14 1.00

*p < 0.05; **p < 0.01

Perceived Usefulness

Repeated measures ANOVA of users’ PU of the mobile Web
systems yielded significant effects of presentation adaptation
(F(3,166) = 235.82, p < 0.01), task complexity (F(1,58) =
4.95, p <0.05), and their interaction (F(3,166) =235.82, p <
0.01), indicating that the effect of presentation adaptation on
PU could be moderated by task complexity. Therefore, we
investigated the effect of presentation adaptation on PU at the
two levels of task complexity separately.

Tables 10 and 11 show that in both simple and complex tasks,
tree-view presentation adaptation resulted in higher levels of
perceived usefulness (PU) than the system without any
presentation adaptation (p < 0.01). Therefore, H1(d) and
H5(d) are supported. There was no significant difference in
PU between the T and T+S conditions (p = 1.00) for both
simple and complex tasks, suggesting that adding hierarchical
text summarization did not further improve PU. Therefore,
H2(d) and H6(d) are not supported. The difference in PU
between the T and T+H conditions was only significant for
complex tasks (p < 0.01), so H3(d) is partially supported and
H7(d) is supported. Although the ALL condition results in
higher levels of PU than the T+S condition for both simple
and complex tasks, the effect is greater for the complex tasks
(p < 0.01) than for the simple tasks (p < 0.05). However,
there was no significant difference between the ALL and T+H
conditions (p = 1.00) for both simple and complex tasks.
Therefore, H4(d) and H8(d) are partially supported.

The results of ranking five systems in terms of participants’
preference for accessing the Web via mobile handheld devices
reveal that the ALL version was the favorite system, with 40
participants (66.67 percent) rating it as the best system. In
descending order of participants’ preference, the other sys-
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tems are T+H, T+S, T, and O. It is also worth noting that
most participants preferred the systems with more presen-
tation adaptation features to those with fewer features. The
hypotheses testing results are summarized in Table 12.

Discussion I
Findings

There are several major findings of this study. First, the tree-
view based presentation adaptation can significantly reduce
the search time and increase the accuracy of information
search via Web browsing on a handheld device, as well as
increase perceived ease of use and usefulness of mobile Web
systems. The results strongly indicate that providing the
structure of Web content in a hierarchical format, which
enables users to quickly locate information of interest without
having to navigate the entire Web page, is effective for Web
browsing on a handheld device.

Second, hierarchical text summarization provided on top of
tree view did not have the significant impact on user per-
formance in information search and perception of mobile Web
systems as we expected. There are a few possible reasons for
these surprising findings.

(1) The naive approach that we used to generate text sum-
maries may not be sufficiently effective for the Web
pages selected in this study.

(2) Due to technical difficulty, in the experiment, the sum-
mary of a section/subsection was not displayed automati-
cally as a desirable stylus-over event, but was displayed
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Table 10. Multiple Comparisons of Perceived Usefulness in Simple Tasks

(I) Group (J) Group Mean Difference (I-J) Std. Error Sig.
T -3.55 0.25 0.00**
o T+S -3.63 0.24 0.00**
T+H -4.13 0.25 0.00**
ALL -4.15 0.28 0.00**
T+S -0.08 0.18 1.00
T T+H -0.59 0.19 0.054
ALL -0.60 0.19 0.04*
T+H -0.51 0.12 0.003**
T+S
ALL -0.52 0.14 0.01*
T+H ALL -0.01 0.09 1.00

*p < 0.05; **p < 0.01

Table 11. Multiple Comparisons of Perceived Usefulness in Complex Tasks

(I) Group (J) Group Mean Difference (I-J) Std. Error Sig.
T -2.68 0.26 0.00**
o T+S -2.78 0.26 0.00**
T+H -3.72 0.25 0.00**
ALL -3.70 0.24 0.00**

T+S -0.11 0.21 1.00
T T+H -1.05 0.16 0.00**
ALL -1.02 0.17 0.00**
T+H -0.94 0.22 0.00**

T+S

ALL -0.91 0.14 0.00**

T+H ALL 0.03 0.15 1.00

**p < 0.01

Table 12. A Summary of Hypotheses Testing Results

Search Perceived Perceived

Hypotheses Time Accuracy | Ease of Use | Usefulness
H1: The effect of tree-view adaptation Y Y Y Y
H2: The effect of adding hierarchical text summarization N N N N
H3: The effect of adding colored keyword highlighting P N P P
H4: The effect of adding hierarchical text summarization and P N P P
colored keyword highlighting
H5: No moderating effect of task complexity on tree-view Y Y Y Y
H6: The moderating effect of task complexity on adding Y N N N
hierarchical text summarization
H7: The moderating effect of task complexity on adding colored Y N Y Y
keyword highlighting
H8: The moderating effect of task complexity on adding both
hierarchical text summarization and colored keyword highlighting P N P P

Y = Supported; N = Not supported; P = Partially supported
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in a new pop-up window upon a user click. The user had
to click on another tab to either view the full content of
the section/subsection or go back to the tree-view page.
Such an extra step could have compromised the potential
benefits of summaries.

(3) For the goal-oriented task of finding specific facts, text
summaries may not be able to precisely indicate the loca-
tion of the specific facts for which the user is looking.

Third, providing colored keyword highlighting in tree view
reduced search time by enabling users to perform effective
scanning/skimming. The positive impact of colored keyword
highlighting on PEOU and PU of mobile Web systems was
moderated by task complexity, which was manifested by its
stronger effect for complex search tasks than for simple tasks.

Fourth, the results show that the effects of presentation adap-
tations are generally greater for complex tasks than for simple
tasks. This suggests that as task complexity increases, presen-
tation adaptation will provide greater benefits.

Fifth, providing additional presentation adaptation (e.g.,
colored keyword highlighting) to the tree view could further
improve users’ information search performance and percep-
tion. However, such improvement is not guaranteed (e.g.,
hierarchical text summarization in this study). Our results
imply that the number of additional presentation adaptation
features may not be important. It is, instead, the type of fea-
ture that matters. If an adaptation feature does not fit the task
or is complicated to use, it may not have a positive impact.

Finally, although adaptive mobile Web systems led to higher
search accuracy than the system without any adaptation, the
differences in search accuracy were not significant among
those adaptive systems, mainly because, with the help of any
presentation adaptation, almost all participants were able to
find accurate answers from Web sites within the task time
frame.

Theoretical Contributions

This research investigates the effect of presentation adaptation
on user performance and perception in information search via
Web browsing. To the best of our knowledge, this is the first
empirical study that evaluates the effect of those presentation
adaptation techniques on mobile Web browsing using physi-
cal handheld devices. This research provides several major
theoretical contributions.

First, our results demonstrate the importance and benefits of
presentation adaptation to Web browsing on handheld de-
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vices. This research provides theoretical insights on how to
improve the effectiveness of mobile Web browsing. It makes
contributions to the interface design for mobile devices,
specifically for Web page presentation. Fundamentally, the
findings of this study suggest that a presentation adaptation
method should (1) present information to users in a concise
and well-organized manner that supports effective skimming
and scanning; (2) enable users to explore information without
losing context; and (3) make important information stand out.
Specifically, providing information about the structure and
themes of a Web page in a hierarchical tree view and adding
colored keyword highlighting are proven to be effective.

Second, in addition to examining various presentation
adaptation approaches, this research goes one step further by
revealing that the task complexity can influence the impact of
presentation adaptation. The effect of presentation adaptation
on user performance and perception in information search via
browsing on handheld devices will be greater as the com-
plexity of Web pages increases. These findings provide a
variety of insights for research on mobile HCI and context-
aware mobile applications. Because the complexity of Web
pages has been continuously increasing, presentation adapta-
tion becomes increasingly important for mobile Web users.

Third, this research utilizes cognitive fit theory and informa-
tion foraging theory as theoretical foundations when pro-
posing presentation adaptation methods for mobile Web
browsing. Extant studies on presentation adaptation methods
for mobile devices lack theoretical support. The results of
this study indicate that the cognitive fit theory could be well
extended to the mobile Web context. Any presentation
adaptation approach that reduces users’ cognitive load, such
as tree view, should help improve their performance in mobile
Web browsing tasks. Providing hierarchical text
summarization adaptation in tree view was not found useful
in this study. This could be attributed to the lack of fit
between the task and the implementation of this adaptation
feature. McDonald and Chen (2006) suggest that the benefits
of a text summary primarily depend on the task. We speculate
that for an information search task, users may perform better
with query-based summaries (i.e., summaries generated
mainly based on user queries) than the traditional generic
summaries used in this study. The latter may be more
beneficial and suitable when users have no specific goals in
mind.

Even though adaptation through hierarchical text summari-
zation involved extra steps in this study, it didn’t deteriorate
user performance. The addition of colored keyword high-
lighting to tree-view adaptation improved users’ searching
performance and perception of mobile Web systems. On the
one hand, those findings suggest that the basic principle of



information foraging theory is generally applicable to mobile
Web browsing. On the other hand, the nonsignificant text
summarization adaptation implies that certain information
cues that have been proven effective in information search on
desktop computers are not effective for handheld devices. As
a result, some traditional information cues and methods that
provide those cues may need to be modified or customized for
handheld devices.

Fourth, one of the major limitations of prior research on
mobile computing is the lack of empirical studies using real
handheld devices (Zhang et al. 2009). This study sets up an
example of conducting empirical research with mobile hand-
held devices. Although using real devices poses more
technical challenges than using emulators, the research
findings obtained from actual user—device interaction are
more convincing and generally applicable.

Practical Implications

The findings of this study also provide several practical
guidelines for the adaptation of Web page presentation on
handheld devices. First, effective scanning and skimming are
important to information search via mobile Web browsing.
Therefore, adapting the presentation of Web content in a way
that allows users to see an outline of content first is essential.
This study also indicates that task complexity is a vital factor
in the usability of presentation adaptation systems. System
engineers need to clearly understand the nature of tasks before
designing and implementing adaptation features. For
example, users could be provided with more effective
presentation adaptation schemes when they are dealing with
complex Web sites.

Mobile Web systems should provide users with a colored
keyword highlighting feature to support their information
search process. In our post-study interviews, all participants
agreed that this feature was very helpful for the search tasks.
In practice, the keywords indicating users’ interest can be
acquired by different methods, including explicit user
feedback, implicit feedback, or direct user solicitation (Kelly
2004; Spool et al. 1999). Designers of mobile systems should
consider including effective input mechanisms that enable
users to enter their keywords with ease if the direct solici-
tation method is used.

Although it could be helpful to provide a variety of presen-
tation adaptation features from which users may choose,
caution should be taken in the design and integration of those
features. In this study, the majority of participants chose the
ALL version of mobile Web system as the favorite because it
had the largest number of presentation adaptation features.
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On the other hand, the incorporation of additional adaptation
features may introduce other usability issues, such as poten-
tially increasing the complexity of the system. Hence, system
designers should carefully consider how adaptation features
can be seamlessly integrated so as to maximize the benefit of
individual adaptation techniques and the system usability
simultaneously.

Limitations and Future Research

The proposed hybrid presentation adaptation approach is by
no means complete and optimal. Like all other studies on
mobile applications, this research has some limitations due to
resource constraints and technical challenges. First, our
experiment was conducted in a laboratory setting, which does
not completely reflect all possible usage situations of
handheld devices. For example, in our study, the mobile
device was placed on a table. In reality, users may use mobile
devices when they are on the move. Therefore, it would be
interesting to conduct a field study in the future.

Second, the current scope of the tree-view adaptation
approach deals with static HTML pages only. It does not
handle the display of multimedia content such as video,
dynamic HTML, and other types of decorating graphical
presentation. We plan to enhance the tree-view adaptation so
that it can handle heterogenecous Web content. Moreover,
because this study did not use tree view with four or more
levels, we need to validate whether or not the findings will
hold true for even more complicated Web sites that have
deeper and broader tree structures and thereby increase the
difficulty in tree navigation and search (Lazar 2005). From a
tree search perspective, a deep tree can cause a well-known
problem in tree traversal, namely combinatorial explosion,
resulting in many alternative paths to be explored, which
could negatively influence the effectiveness of tree-view
based presentation. Therefore, it may be necessary to seek a
balance between the depth and breadth of the tree-view or
trim the generated tree-view of complex Web sites based on
knowledge about the user’s interest and preferences (e.g.,
based on previous browsing history or user profiles). As a
result, regardless of how complex an original Web page could
be, the generated DOM tree should be simple while
sufficiently informative for effective browsing.

Third, one of the major objectives of this study is to examine
the effect of keyword highlighting adaptation. To avoid the
potential confounding effect, we followed a compromised
approach by allowing participants to choose keywords from
a list of 10 candidates, as described in the section on mobile
Web prototype systems. In this way, we reduced the potential
experiment bias incurred by self-determination of keywords
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while emulating the user keyword selection to some extent.
That being said, it would be more natural if participants were
able to choose keywords on their own. In addition, we
excluded the time that participants took to select keywords
from the task completion time. Although such a treatment is
common in studies on information seeking behavior, keyword
selection or entry would increase the overhead of the colored
keyword highlighting adaptation in comparison to other
adaptation approaches, especially when the keywords have to
be changed constantly.

We had demonstrated all five systems in the training session
before the participants started the formal experiment. Seeing
and practicing those systems in advance would not have
influenced participants’ search performance due to the
randomization of the sequence of five system conditions in
the experiment. They might, however, have an effect on
participants’ perceptions of those systems.

There are other potential future research issues. In mobile
environments, other context information such as time,
location, environment (e.g., ambient light), and the user’s
ongoing activities can also be utilized to provide more
advanced, intelligent presentation adaptation to make mobile
Web live up to its potential. For example, a system can
automatically enlarge the font size of a Web page when it
detects that the environment is dark, or automatically remove
advertisements, large-size images, and irrelevant sections
from a Web page when the network traffic is heavy.

Even though adding hierarchical text summarization to tree
view did not result in improvement of user performance and
user perception in this study, it is premature to claim that
summarization is not helpful in mobile Web browsing. It is
worthwhile to examine the impact of hierarchical text sum-
marization using a more advanced text summarization
approach and stylus-over display in future research. Another
potential future research issue is to investigate the effective-
ness of presentation adaptation using other information search
or browsing tasks such as information browsing without
specific goals (Marchinonini 1995).

With the explosive growth of handheld device users, using
presentation adaptation to enable more effective and ubiqui-

tous information access via mobile Web will have a far-
reaching impact.
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Appendix A

Interfaces of Mobile Web Prototype Systems I
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Appendix B

Questionnaire |

Please circle only ONE answer for each question that best indicates your perception of the mobile Web system.

1. I found the system was easy to learn.

Strongly Somewhat Somewhat Strongly
disagree Disagree disagree Neutral agree Agree agree
1 2 3 4 5 6 7

2. I found the system was easy to use.

Strongly Somewhat Somewhat Strongly
disagree Disagree disagree Neutral agree Agree agree
1 2 3 4 5 6 7

3. Ifound the Web page was displayed in a way that was clear and understandable.

Strongly Somewhat Somewhat Strongly
disagree Disagree disagree Neutral agree Agree agree
1 2 3 4 5 6 7

4. 1 found the system was useful for completing the tasks.

Strongly Somewhat Somewhat Strongly
disagree Disagree disagree Neutral agree Agree agree
1 2 3 4 5 6 7

5. Icould find information I wanted quickly.

Strongly Somewhat Somewhat Strongly
disagree Disagree disagree Neutral agree Agree agree
1 2 3 4 5 6 7

6. Ifound the Web page was displayed in a way that was useful in searching for information.

Strongly Somewhat Somewhat Strongly
disagree Disagree disagree Neutral agree Agree agree
1 2 3 4 5 6 7
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Overall, if you need to access Web from mobile handheld devices, please rank the following systems you prefer to use (with the most
favorable system as 1 and the least favorable system as 5).

Mobile Web system that displays a Web page directly as it is

Mobile Web_Tree view system

Mobile Web_Tree view and hierarchical text summary system

Mobile Web_Tree view and colored keyword highlighting system

Mobile Web_ALL system that integrates tree-view, hierarchical text summarization, and colored keyword highlighting

Appendix C

Supplementary Materials I

Sample Questions Used in the Study

(M

2

3)

“)

®)

Who was often credited for developing the LA (Los Angeles) style of Salsa dance?
Answer: Francisco Vasquez

Who was the self-proclaimed “King of Jazz” between 1910 and 1930?
Answer: Paul Whiteman

In the ancient Olympics, who was the only athlete in history to win a victory in six Olympics?
Answer: Milo of Croton

In the Eonile, how deep can the sand-filled canyon reach?
Answer: 1400 meters

What is the top speed of a new generation of high-speed rail train FASTECH in Japan?
Answer: 405 km/hour

Search Accuracy of Simple and Complex Tasks Using the Five Mobile Web Systems

4

50

(86%)

# of correct answers
by all participants

T+5

T+H

Presentation Adaptation

ALL

# of correct answers

by all participants

Simple Task Complex Task
49 50 50 &7 65 69
43 {98%] {100%] {98%) (100%} {96%:’ {94%] {99%) (99%}

o T

T+45

T+H

ALL

Presentation Adaptation
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