












concentrated interests; 0.13% of iPhone users had all 10 tasks fall 
into one category. On the other extreme, 9.8% percent of mobile 
users had all 10 tasks concentrated in one topic. Furthermore, the 
percentage of users’ whose tasks were exactly the same (eg they 
issued the same query) was 0.2%, 0.0% and 6.6% for computers, 
iPhones and conventional mobile phones, respectively. This 
suggests that iPhone searchers have a slightly more diverse set of 
information needs than computer-based users, and both are a lot 
more diverse than the mobile users.  

One explanation for the diversity of information needs exhibited 
by iPhone searchers may be the contextual nature of mobile 
search. Based on a diary study of mobile information needs, Sohn, 
Li, Griswold and Hollan [19] reported that 75% of mobile 
information needs were prompted by contextual factors, which 
consist of either activity at the time, current location and related 
artifacts, time when the need arose, or conversations occurring 
with others. These factors may result in a varied set of 
information needs. However, previous studies [5, 19] suggest that 
many information needs that arise while users are mobile are not 
answered through mobile search. We hypothesize that the iPhone, 
with its relatively easier mode of text entry, faster connection 
speeds, and increased screen size, may encourage users to answer 
a higher proportion of their mobile information needs via their 
iPhone, thereby resulting in a more diverse set of information 
needs than either desktop or mobile search. 

Next, we measured the distribution of information needs for those 
users. Figure 5 illustrates a heat map of task category. The 
columns represent each user, and each row represents a category. 
Each cell is a number between 0 and 10, which is the number of 
tasks a user issued in that category. The darker cells represent 
numbers closer to 10, and the lighter cells indicate cells closer to 
0.  These heat maps not only confirm the finding that  iPhone 
users have the most diverse interests, and mobile users have the 
least diverse interests, but it gives us insight into the search 
patterns of individual users. We estimate that 45% of frequent 
mobile users can be classified in a behavioral “bucket”, meaning 
that they are likely to query within a single category from their 
device. Interestingly, the categories which are most popular (such 
as Online Communities) are those which have content 
“optimized” for mobile devices. This finding furthers the 
hypothesis that mobile users approach search with a specific set 
of information needs.  

In the next section, we propose a metric for quantifying the 
variability of information needs for any frequent user. 

5.2.1.1 Entro-percent: a metric for user variability 
In this section, we propose a metric to quantify the variability of 
information needs for a specific user. The goal is to compare 
quantitatively whether mobile users tend to have a narrower set of 
information needs than computer users or iPhone users. Different 
from the earlier analysis that are restricted to users who have at 
least 10 tasks and the 10 sampled tasks per user, the metric 
proposed here applies to any user with more than one task. This 
allows us to extend our findings on the restricted set of users and 
tasks to general frequent users.  

We first motivate our metric with a few desired properties. We 
denote {C1,…,CK} to be the K possible categories that a task can 
be classified into. 

Entertainment
Computers & Electronics
Local
Games
Adult
Society
Automotive
Internet
Sports
Lifestyles
Health
Shopping
Travel
Industries
Food & Drink
Reference
Arts & Humanities
Finance & Insurance
Home & Garden
Recreation
Science
News & Current Events
Telecommunications
Online Communities
Animals
Beauty & Personal Care
Real Estate
Photo & Video
News & Current Events/Sensitive New
Business

desktop users

 

Entertainment
Local
Sports
Computers & Electronics
Travel
Food & Drink
Health
Society
Lifestyles
Shopping
Automotive
Games
Telecommunications
Internet
Adult
Reference
Industries
Arts & Humanities
Animals
News & Current Events
Finance & Insurance
Recreation
Beauty & Personal Care
Online Communities
Home & Garden
Science
Real Estate
Business
Photo & Video
News & Current Events/Sensitive New

iPhone users

 

Adult
Telecommunications
Internet
Online Communities
Entertainment
Local
Sports
Lifestyles
Automotive
Games
Computers & Electronics
Health
Reference
Society
Food & Drink
Shopping
News & Current Events
Travel
Finance & Insurance
Beauty & Personal Care
Recreation
Industries
Arts & Humanities
News & Current Events/Sensitive New
Home & Garden
Animals
Science
Real Estate
Photo & Video
Business

mobile users

 
Figure 5: Heat maps depicting the variability of task category 

per user 

We also denote pk as the corresponding percentage of the user’s 
tasks that are in category Ck. Each user is then associated with a 
percentage vector p, the abbreviation for (p1,…,pk). To quantify 
the variability of information needs for a user, the metric M(p) 
should have the following desired properties: 

• M(p) should return values between 0 and 1. A higher 
value indicates higher variability. 

• The percentage vector that has the maximum metric score 
should be (1/K, 1/K, ..., 1/K). This is because a user 
should be considered most variable if she has the same 



number of tasks in each category. In other words, we do 
not have any information about which categories this user 
prefers. 

• The percentage vector that has the minimum metric score 
consists of one and only one “1” and the rest are all zeros. 
This is because a user is the least variable if all his/her 
tasks are in one category. We have the most information 
that this user prefers that category. 

The category of a task by a user is a categorical random variable 
that takes values in {C1,…,CK}.  The variability of such random 
variable can be quantified through its information entropy [17]. 
Entro-percent is a normalized entropy metric such that it has the 
properties described above and is defined as: 
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where n is the number of search tasks from the user. 

5.2.1.2 Comparing entro-percent across search 
interfaces 
We now compare the average entro-percent scores on the three 
platforms. Because entro-percent is defined for any frequent users, 
we are no longer limited to 10 tasks. In fact, we can bucket the users 
by their number of tasks and make comparison within each bucket.  

Figure 6 plots the average entro-percent scores across the number of 
tasks. The most distinctive trend in the graph, is that the curve for 
mobile phone users is completely below the desktop computer curve 
and the iPhone curve, indicating that on average, the mobile users 
are indeed 15-50% less variable. On the other hand, the computer 
and iPhone users are very similar, as their curves trace each other 
very closely, particularly for smaller number of tasks. iPhone users 
have slightly higher scores when the number of tasks is greater than 
10, which confirms our findings earlier. Notice that the comparison 
shown in Figure 6 is controlled for the total number of tasks the user 
performed, and hence the conclusion we have drawn here is more 
general.  
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Figure 6: Variability of search sessions for users who issued m 

tasks during the 35 day period 

 

Finally, as a concrete example, in Figure 7 we present two 
examples of sessions that resulted in entro-percent scores of .2 
and .3 respectively. Two random users, who each had engaged in 
10 tasks over the 35-day period, were selected. Even though both 
users query sessions consisted of queries in only two categories, 
the first user has a lower entro-percent score because she is more 
focused in one category. 
Query Category 

free tones Telecommunications 

message in a bottle free ring 
tone 

Telecommunications 

free music downloads Entertainment 

free tones Telecommunications 

free beastie boys ringtones Telecommunications 

free beastie boys ringtones Telecommunications 

free beastie boys Entertainment 

free tones Telecommunications 

free tones Telecommunications 

free tones Telecommunications 

(a) 

Query Category 

mike murphy baseball Sports 

sf giants Sports 

mike murphy baseball Sports 

lost in space wavs Entertainment 

lost in space downloads Entertainment 

dr smith wavs Entertainment 

lost in space Entertainment 

lost in space wavs Entertainment 

mike murphy baseball Sports 

mike murphy baseball Sports 

(b) 

Figure 7: Two examples of user search sessions over the 35 
day period (the session’s representative query shown on the 
left, with the associated task category on the right). User (a)’s 
search sessions results in an entro-percent score of .2 and user 
(b)’s search sessions result in an entro-percent score of .3 

5.3 Infrequent Users 
We have discussed search patterns for frequent users (those who 
return for at least 10 information needs), however the analysis of 
infrequent users is also valuable to understand where search on 
each medium may be failing. In this section, we look at the search 
patterns for users who engaged in only one search session over 
the 35-day period we analyzed. 

As shown in Table 6, there are far more of these single-session 
users on mobile phones than any other medium. This may indicate 
that mobile search is not as “ubiquitous” as the devices 
themselves are. However, we see that there are fewer iPhone users 
who only search once over the 35-day period than computer users 
who search only once. This trend indicates that phones can be a 
more ubiquitous entry point for search. 

However, the reason for why users don’t return is elusive. No 
consistent trends were found in the analysis of queries per session, 
query length, or task distribution for infrequent users. A follow-up 
diary study is planned across all three platforms to investigate this 
question with data that is not captured in the logs, such as 



physical circumstances surrounding a query, the users’ perceived 
experience of their search session, and exact latency metrics for 
search sessions for those users who return and those who don’t. 
The only clear trend apparent from studying infrequent users is 
that there are more of them on conventional mobile devices than 
any other search medium.  

Table 6: Single-Session User Statistics 

 Computer iPhone Mobile 

percent of users who engaged in 
one search session over the 35-
day period 

29.46 22.89 42.6 

average number of queries per 
search sessions 1.88 1.89 1.74 

average characters per query 18.00 16.04 15.86 

average words per query 2.795 2.589 2.489 

6. DISCUSSION AND FUTURE WORK 
We have presented the results of a two-part analysis of Google 
search patterns across three separate device types: computer, 
iPhone, and conventional mobile phones. We first conducted a 
first-order analysis of the query stream, encompassing query 
length, topical query classification, and query diversity. The 
second piece of analysis focused on user-based query patterns, 
that is, the diversity of information needs on a per-user basis and 
the patterns of frequent and infrequent searchers. We also 
presented a new metric, entro-percent, for quantifying the 
variability of a user’s search intentions across time.   
We have consistently found that search patterns on an iPhone 
closely mimic search patterns on computers, but that mobile 
search behavior is distinctly different.  
Our findings can be summarized as follows:  

• Query length is very similar between computer and 
iPhone search, but is significantly shorter for mobile 
phone search. We hypothesize this may be due to ease 
of text entry on each type of device. 

• The distribution of query categories was similar 
between iPhone and computer searches. The category 
distribution from mobile search is decidedly less diverse 
than those from both iPhone and computer search; both 
computer and iPhone queries had a much higher 
percentage of unique queries.  

• Surprisingly, there was no significant difference in the 
percentage of local search on the iPhone and on the 
computer. However, this does not imply that local 
content is less important to high-end phone users than 
conventional mobile phone users.  We find that users 
search for local content within an application that can 
provide a richer experience (such as the iPhone maps 
application) if it is available. In the absence of a 

                                                                 
6 In their analysis of Yahoo! query logs, Wedig and Madani [22] 

reported that 25% of cookies had only one search within a six 
month period.  

dedicated maps application on mobile phones, we see 
an increase in queries for local information, relative to 
computer-based search.  

• We observed that the proportion of adult content from 
iPhone searches was similar to that from computer-
based searches and had significantly decreased from the 
proportion of adult queries on conventional mobile 
phones.  This decrease in adult content on high-end 
devices is in line with the hypotheses discussed in a 
2006 study of mobile search behavior [14][15]. 

• The diversity of information needs per user was greatest 
for iPhone searchers. Conventional mobile phone users 
had the least diverse information needs, such that we 
estimate that 45% of these users could potentially be 
classified into single topic area of interest.  

• On a per search session basis, computer users had the 
greatest number of queries per session, followed by 
iPhone, and then conventional mobile phones. We 
hypothesize that this may be indicative of the nature of 
the information needs exhibited by users on different 
devices (e.g., users may be more likely to search for 
quick factual information on mobile phones). For 
conventional mobile phone users, the difficulty of text 
entry may also discourage them from issuing more 
queries. Users on mobile phones may be more likely to 
browse multiple results in place of issuing query 
refinement.  

• The biggest difference discovered between computer 
and iPhone users was that frequent computer-based 
searchers had a much higher rate of return than frequent 
iPhone or mobile phone searchers. We hypothesize that 
search on any mobile device is still considered to be a 
secondary mode of searching in the US. 

Based on our findings, we offer the following suggestions for 
improving the search experience across mobile devices: 

• For conventional mobile phones, we suggest that search 
engines use the relatively low diversity of queries to 
improve the service. For example, since the “tail” of 
search is much smaller on these devices, possibilities 
such as prefetching likely queries and search results 
would yield a much higher target rate than on other 
devices. This target rate can be further improved by 
considering the narrow scope of an individual user’s 
interests based on past queries made from this device.  
Search interfaces that are targeted to the users’ primary 
interest (such as a sports-themed front page) may also 
improve the user experience and increase user return 
rates. 

• For high end phones, we suggest search be a highly 
integrated experience with computer-based search 
interfaces. The consistent similarity in search behavior 
between computer and iPhone based search suggests 
that users may begin to treat mobile phone search as an 
extension of computer-based search. For example, 
content that was searched for on a computer should be 
easily accessible through mobile search (through 
bookmarks, search summaries), and vice versa. Most 
importantly, this similarity in queries indicates that we 
can use the vast wealth of knowledge amassed about 
conventional computer based search patterns, and apply 



it to the emerging high-end phone search market, to 
quickly gain improvements in search quality and user 
experience.    

As in all logs-based studies, one limitation of our research is that 
it is difficult to infer the context surrounding users’ search 
activity. For example, we can not discern from the logs what 
drives users to return, or to abandon search from a particular 
medium. A follow-up diary study is planned across all three 
platforms to investigate several of the questions raised by this 
study, such as the reasons behind users’ return rate (we 
hypothesize this may be impacted by factors such as network 
latency during their first search session and ease of accessing the 
browser on the device), factors that dictate which medium is used 
to answer an information need, and success and satisfaction across 
the different mediums.  
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