
Improving Mobile Web Search by 
Clustering and Visualizing Search 
Engine Results

Abstract 
The search engine makes vast amounts of information 
available to mobile users. Despite increasing use of 
mobile search engines, the mobile web search remains 
ineffective mainly due to the intensive scrolling inherent 
in the current presentation of search engine results 
(SERs) on the small screen of handheld devices. In this 
study, we proposed to improve the presentation of 
mobile SERs through clustering and visualization. Based 
on the cognitive load theory and information foraging 
theory, we proposed hypotheses about the possible 
effects of visualization and synchronous presentation of 
SERs and their clusters on user search performance. 
To test the hypotheses, we implemented five mobile 
web search prototypes, and evaluated the prototypes 
by conducting lab experiments.  
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Introduction 
A web search engine is designed to search for 
information on the World Wide Web. As the explosive 
growth in the use of mobile handheld devices, mobile 
search engines are being increasingly used for 
information seeking. However, user interactions with 
mobile web search engines remain ineffective due to 
some unique characteristics of mobile devices such as 
small screen size [1].  A related issue is the intensive 
scrolling required to explore web pages.  Scrolling 
reduces the effectiveness of users’ cognitive 
processing, because when the information is not visible, 
users have to keep track and remember it [2]. 

The search engines results (SERs) in response to a 
search query are generally presented as a ranked list, 
which is commonly referred to as SER pages (SERPs). 
In addition, each item in the ranked list typically 
includes a title, a reference to the full page, and a short 
description showing where the search keywords have 
matched content within the page. Such short 
description is typically not included in the mobile SERPs 
due to limited screen estate. Presenting SERPs as a 
linear ranked list poses challenges to mobile users.  
Church and his colleagues [3] showed that of 65% of 
search sessions, mobile search users selected a search 
result from the first page and did not look at 
subsequent pages.  Also, 90% of searchers failed to 
select any search results.  Therefore, users clearly 
struggle with finding information that fulfills their 
information needs in the current presentation of SERPs. 

The state-of-the-art methods for improving the 
presentation of SERPs can be grouped into two major 
categories [4]: 1) clustering similar search results, and 
2) visualization of the organized search results. 

However, the research has been mostly conducted on 
desktop computers. Moreover, among the few studies 
that have considered clustering mobile SERPs, the 
clusters and individual search results are always 
presented on separate screens. Further, none has 
considered open-ended tasks in assessing the design of 
mobile search interface. 

The primary objective of this research is to improve the 
presentation of cluster-based SERPs on mobile handled 
devices.  Specifically, we aim to improve user 
performance in mobile web search through visualization 
and synchronous presentation of clusters and SERs.  

The rest of the paper is organized as follows. First, we 
review previous studies on desktop web search and 
mobile web search.  Then, we propose the hypotheses 
and introduce our design of mobile web search 
prototypes. Next, we introduce the details of the 
experimental design and conclude the paper with a 
discussion of the key findings and future studies.  

 

Related Work 
Our review of related work covers studies on both 
desktop web search and mobile web search. 

Desktop Web Search 
Despite the significant differences in the some physical 
characteristics between mobile devices and personal 
computers, the review of the presentation of SERs on 
personal computers can shed light on how to design the 
mobile SERs.  Many techniques used in mobile web 
search systems can be traced back to developments in 
desktop web search systems.    
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A number of studies have attempted to make the 
presentation of desktop web SERs more visually 
appealing. The following two systems bear the most 
relevance to our proposed design. In the zoomable 
two-dimensional map, SERs are clustered and 
represented into a zoomable treemap [5]. The available 
map space is sliced vertically for the first level clusters, 
with the width of each slice being proportional to the 
size.  Tomasi [6] presented the clustered SERs into a 
circular visualization display. Relevance of each 
circle/cluster is represented through the blinking 
motion.  

 
Mobile Web Search 
An increasing number of studies have been conducted 
to represent mobile SERs in an economic way. Credino 
[7] clustered SERs and organized the clusters into an 
expandable hierarchy, where the cluster labels were 
assigned as links to an SERP. Mobile Findex [8] utilized 
a clustering technique that grouped all SERs sharing a 
common term under the same label to make SERs 
more accessible to users. 

Visual presentation of mobile SERs has been used to 
help users find relevant information.  For instance, tag 
clouds [9] and pie charts [10] were introduced to 
represent the clusters of mobile SERs in replacement of 
the traditional ranked list.   

However, the previous studies of mobile web search 
expose several limitations. First, there is a lack of use 
of theories to explain why a method influences user’s 
search performance.  Second, one common limitation 
with the clustered-based mobile web search system lies 
in that the clusters and individual SERs are always 

presented on separate screens.     As a result, the user 
would lose context in viewing individual SERs. Third, 
the majority of studies focused on close-ended search 
tasks but largely ignored open-ended tasks.   Fourth, 
most studies compared the traditional ranked list 
system against a clustered-based system without 
considering different presentations of cluster-based 
systems.  Fifth, some systems used randomly selected 
colors to represent different clusters at the same level, 
which do not carry any meaning but might distract 
users. 

To address the limitations of previous studies, we 
propose the following design for presenting mobile 
SERs.   

• We drew on cognitive load and information 
foraging theories to guide the design of mobile 
web search interface; 

• We proposed simultaneous presentation of 
SERs and their clusters to help users keep 
track of the context of the SERs;   

• We included open-ended search tasks;   
• In addition to the traditional ranked list 

system, we also incorporated alternative 
cluster-based systems as the baselines for 
comparison; and 

• We presented clusters at one level with the 
same color.  

 

System Design 
Based on cognitive load theory and information 
foraging theory, we proposed two designs to improve 
mobile web search.  The first design is the synchronous 
presentation of clusters and SERs.   The synchronous 
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representation was expected to reduce the cognitive 
load by allowing users to retain labels of the clusters 
easily.  The second design is visualization of the 
clusters.  Visual representation is capable of displaying 
the same amount of information in a more condensed 
manner than a textual one [11], which helps to reduce 
user cognitive load.   

In the proposed visualization representation (see Figure 
1), radial arrangement in the form of concentric rings 
was utilized because such a layout is useful for 
conveying hierarchical information [12]. Specifically, 
there is a regular distribution of an object around a 
central axis in the radial layout, which can 
accommodate levels of hierarchy.  The outermost ring 
corresponds to the first level of the hierarchy.  The 
immediately inner ring corresponds to next level of the 
cluster hierarchy consisting of sub clusters of the 
highlighted main cluster from the outer ring (see Figure 
2).  Moreover, the clusters were sorted in the 
descending order of their sizes with the largest one 
placed at the top-centered position. These additional 
cues can facilitate user information seeking/foraging 
behavior.  

Open-ended search tasks do not have well-defined 
answers [6].  Users have to browse different web pages 
to understand a topic and provide its answers. These 
answers might appear in different web pages.   

Therefore, we hypothesized that  

• Compared with the traditional textual 
representation of clusters, visualization of 
clusters of mobile web search results will lead 

to reduction in search time, and increase in 
search accuracy; 

• Synchronicity of the presentation of clusters 
and SERs will lead to reduction in search time 
and increase in search accuracy; and 

• The clustered-based presentation will lead to 
higher accuracy than the traditional ranked list 
for open-ended tasks. 
 

Based on the two proposed design artifacts, we 
developed four cluster-based mobile web search 
prototypes (S2, S3, S4, and S5). Table 1 cross-
tabulates the four prototypes along two design 
dimensions: synchronicity (separate vs. synchronous) 
and visualization (textual vs. visual). In addition, we 
also implemented two prototypes: 	 the traditional 
ranked list mobile web search (S1) and the cluster-
based textual mobile web as the baselines.   

 Separate Synchronous 

Textual 
Presentation 

Textual-based 
separate 
representation 
(S2) 

Textual-based 
synchronous 
representation 
(S3) 

Visual 
Presentation 

Visual-based 
separate 
representation 
(S4) 

Visual-based 
synchronous 
representation 
(S5) 

 

 

 

Figure 1: Clustered-Based 
Visual Mobile Web Search 
System with One Level of 
Clusters 

 

Figure 2: Clustered-Based 
Visual System with Two 
Levels of Clusters 
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Table 1: Four Cluster-Based Mobile Web Search 
Prototypes 

   

 

 

 

 

 

Figure 3: Cluster-Based Textual System with Separate 
Representation of Clusters and SERs (S2) 
 

 

Figure 4: Cluster-Based Textual System with 
Synchronous Representation of Clusters and SERs (S3) 

 
Usability Heuristic Evaluation  
The main purpose of heuristic evaluation is to address 
any possible usability problems with the proposed 
mobile web search prototypes.  The main strength of 
heuristic evaluation lies in time-efficiency and cost-
effectiveness since it is conducted prior to 
implementation.  

We used the following two criteria in recruiting 
participants (or usability experts): 1) have experience 
with mobile web search, and 2) have experience with 
user interface design and evaluation.  Three graduate 
students majored in human-centered computing were 
recruited from a university on the east coast of the U.S.  

Paper-based prototypes were used in this study. Four 
principles including consistency and standards, 
aesthetic and minimalist, visibility of system status and 
design recognition rather than recall, were selected 
from Nielsen’s list of usability criteria [13].  In addition, 
the principle of simplicity was adopted from a usability 
checklist for evaluating user interfaces on mobile 
devices [14].  The participants started to evaluate each 
system according to the usability principles. The results 
show that the three participants were relatively 
consistent with in their evaluations.   

For example, in cluster-based visual mobile system 
with synchronous presentation of clusters and SERs, 
one main violation mentioned by one participant is 
about simplicity.  In our initial design, we represented 
the web pages in small circles without showing their 
titles in order to display more web pages in one screen.  
However, two participants were concerned that the 
design would require one extra click to read the title.  

Posters MobileHCI'15, August 24–27, Copenhagen, Denmark

684



 

They preferred to see the titles of web pages in order to 
evaluate the list of search results.   Based on the 
participants’ valuable feedbacks, we displayed the title 
of all web pages directly, which eliminates the need of 
clicking (see Figure 5). 

 
 

              

Figure 5: Cluster-Based Visual System with 
Synchronous Representation of Clusters and SERs (S5) 
 

Laboratory Experiment 
The implemented mobile web search prototypes were 
evaluated via a controlled lab experiment. 

The experiment followed a 2 * 2 repeated measure 
factorial design with visualization and synchronicity as 
the independent variables, and search time and search 
accuracy as the dependent variables. The SERs 
presentation methods were completely randomized to 
minimize possible learning effects.  

There were five open-ended search tasks.  The tasks 
are selected from a broad range of topics, including 
history, health, news, educations, food, and languages.  
For example, a question asked about different 
treatments for psychotic depression.   A total of 26 
participants were recruited for this study. 
 
Experimental Procedure 
After the participants agreed to participate and signed 
the consent form, they were asked to fill out a 
demographic survey.  Then, the participants took a 
knowledge test to measure their existing knowledge 
and familiarity about different topics. Next, the 
participants took a training session when they were 
given different search tasks using five different versions 
of mobile web search prototypes. 

In the formal study, the participants were asked to 
perform one open-ended search task with each mobile 
web search prototype.   

 
Findings and Explanations 
This study has several major findings. First, for open-
ended search tasks, the clustered-based visual mobile 
web search prototype with synchronous presentation of 
clusters and SERs (S5) led to higher search accuracy 
than other alternative prototypes (see Table 3), despite 
that the ranked list system (S1) resulted in less search 
time (see Table 2).  
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Second, contrary to our expectation, synchronous 
presentation of clusters and SERs did not have an 
impact on the search performance regardless of 
whether the clusters were presented textually (S3) or 
visually (S5).  Also, the results show that synchronicity 
when the visualization used (S5) was more effective 
than textual-based separate presentation (S2) (see 
Table 3).  One possible explanations is that, visual 
interface is capable of presenting the same amount of 
information in a more condensed manner than a textual 
interface as demonstrated in previous studies [5] [6]. 

Nevertheless, the small number of search results at one 
screen and the availability of cluster information on the 
same screen help reduce the cognitive load on users by 
allowing the users to easily keep track of the context 
while searching for information [15]. 
  

Future Work 
Increasing the size of the participants and the diversity 
in term of the complexity of search tasks will allow us 
to investigate the clustered based mobile web search 
system more fully.  Additionally, a comparison between 
open-ended and closed-ended tasks can be included to 
examine the possible moderating effects of task type 
on the effects of visualization and synchronicity of SERs 
presentation. Further, user perception measures can be 
incorporated to evaluate the effects of the proposed 
designs more fully.  The search logs of the participants 
can be analyzed to gain insights into user search 
behavior and the effects of visualization and 
synchronicity of SERs presentation. 

The information cues provided to participants in this 
study include the rank of search results or clusters, the 

labels for cluster and individual SERs. Additional 
information cues could better facilitate users in mobile 
web search.   

Conclusion 
Mobile information access via a search engine remains 
ineffective.  Improving the presentation of mobile web 
search results has the potential to facilitate effective 
searches.  In this study, we improved mobile search 
performance for open-ended search tasks through 
clustering and visualizing the search results. 
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