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ABSTRACT 
Subject indexes were an important step forward for books 
because they enabled the comparison and correlations of 
information without extensive reading, re-reading and 
memorization.  In this short paper, we focus on the user 
interaction and usage scenario of a new system called 
ScentIndex that enhances the subject index of an eBook by 
conceptually reorganizing it to suit particular information 
needs.  Users first enter information needs via keywords 
describing the concepts they are trying to retrieve and 
comprehend.  ScentIndex then computes what index entries 
are conceptually related, and reorganizes and displays these 
index entries on a single page. 
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INTRODUCTION 
Representing a book electronically on the computer is part 
of the long effort by researchers seeking to enhance the 
reading activity [ 1,  4,  5,  6,  11,  14,  16,  17].  One major 
advantage of the electronic equivalent of a paper book is its 
ability to offer searching mechanisms of various kinds to 
the user.  Keyword searches have become a mainstay of 
many eBook products.  However, in the process of creating 
new electronic indexes, eBook system designers have thus 
far neglected to take advantage of existing manually 
generated subject indexes.  This is surprising, since whole 
fields have been devoted to the understanding of how to 
generate a good subject index for a book manually.   

Latest efforts in digital libraries such as the Amazon.com 
“Search Inside the Book™” [ 3] and the Million Book 
Project [ 9] have focused on the preservation and 
digitization of the vast archive of paper books that human 
efforts have accumulated.  Many, if not nearly all, of these 

books contain subject indexes that have been painstakingly 
generated manually at the time of the production.   

In this short paper, we focus on describing the user 
interaction model and a usage scenario of our new 
ScentIndex technique, which conceptually reorganizes a 
subject index.  A companion manuscript describes the 
actual algorithm and a user study on the effectiveness of the 
technique [ 7]. 

The ScentIndex technique works in the following way.  The 
user first enters a set of keywords that describe the concepts 
that she is interested in locating in the book.  The system 
then quickly narrows down a large index containing 
thousands of entries to tens of extremely relevant entries 
and displays them on a single page for the user to peruse.   
In our method, we use a word co-occurrence matrix [ 15] to 
extract index entries that are conceptually relevant to the 
keywords the users entered.     

We also enhance the navigation and browsing interactions 
between the index and the eBook. We use a wide variety of 
highlighting techniques to give navigational cues to the 
users.  These cues tell users: (1) what index entries are 
likely to satisfy their query, and (2) what passages on the 
page are likely to contain the relevant information pieces.  
These simple navigational cues enable users to check out 
multiple index entries rapidly.  

SuperBook [ 13] is probably the most well-known related 
work to the ScentIndex, because it provides a table of 
content (TOC) that is hierarchically and dynamically 
presented, but not for the subject index.  Its algorithm is 
based on term frequency, whereas ours is based on term 
conceptual similarities.  Also, instead of seeking to 
automatically generate new indexes for book texts as in [ 10, 
 12], we are interested in ways of enhancing these existing 
indexes so that they reorganize themselves to better suit the 
information needs of the user.   

USAGE SCENARIO AND USER INTERACTION 
ScentIndex is designed as a component of an electronic 
book called 3Book [ 6].  Figure 1 depicts the process by 
which the eBook is produced.  First the paper book is 
scanned and OCR’ed, producing page textures used in the 
3D graphics texture mapping process.  The word locations 
are extracted to enable highlighting of the individual words.  
The recognized text is then used to compute the word 
association matrix.  We use the matrix to compute the 
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Degree-Of-Interest (DOI) function for the ScentIndex, 
ultimately producing a single page of conceptually relevant 
index entries.  The DOI function is computed based on 
word co-occurrence and Information Scent [ 8]. 
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Figure 1: Overall flowchart. 

The user study and the scenarios below are based on the 
book Biohazard by Ken Alibek [ 2], which is a non-fiction 
retelling of his experiences working on biological weapons 
in the former Soviet Union.  There were 13 index pages in 
two columns, consisting 829 entries, which would have 
been impossible to present fully on the screen at one time. 

In the following description of the system, we use one of 
the comparison tasks in our user study to demonstrate the 
user interaction with the ScentIndex.  The task is “What 
year did Russia open negotiations with Iraq for large 
fermentation vessels?  What year did Vladimir Kryuchkov 
become chairman of the KGB?  Which occurred first?”  

 

Figure 2: ScentIndex showing the reorganization after "russia 
iraq fermentation" was entered as the information need. 

Figure 2 shows the ScentIndex after the index entries have 
been reorganized according to the information need of 
“russia iraq fermentation”.  We see keywords highlighted in 
red showing exact keyword matches.  Relevant words such 
as “biological”, “weapons” are highlighted by underlining. 

Figure 3 describes how the user interacts with this index 
view.  After the user has specified the concepts in the 
keyword box, the method computes a new single-page 
index view.  The user can then click on a page number 
associated with an index entry, which opens the book to 
that particular page.  User query keywords and the words in 
that index entry are used for keyword highlighting on the 
book page. 
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Figure 3: Flow chart describing the user interaction. 

 

 

Figure 4: Clicking on the 6th "Iraq" page number 275, the 
book opens up to that page (top) and highlights the relevant 

keywords (detailed bottom). 

As shown in Figure 2, there are many entries that are 
relevant to the query.  The user decides that the “Iraq” entry 
is the most relevant because, since the whole book is about 
biological weapons and Russia, the other entries do not 
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stand out.  The user successively skims the page entries 
under “Iraq”.  Figure 4 shows the book turned to a new 
page describing the 6th page entry of “Iraq”.  The words 
“russia iraq fermentation” were automatically highlighted 
on this page.  The bottom figure shows the specific 
paragraph that gives the first answer.  The key to finding 
the answer quickly is looking for a page that contains all 
three of these words in a single passage.  As shown, the 
automatic highlighting enables the user to quickly find the 
passage that might be relevant to the user query.  This 
highlighting is extremely helpful in tasks that require 
skimming for related facts through a large list of pages.  
The answer is 1995. 

For the second part of the question, we need to find out 
what year Vladimir Kryuchkov became chairman of the 
KGB. Figure 5 shows the ScentIndex after the query 
“kryuchkov chairman kgb” is entered, thus eliminating 
hundreds of index entries.  There are still many potentially 
relevant entries, but “Kryuchkov, Vladimir” is probably the 
most relevant.  Figure 6 shows the results after clicking on 
the 2nd page entry.  We see the answer is 1988.   

After completing these two parts to the question, the user 
can then compare the two facts and find the 2nd fact 
occurred first in 1988.  Readers should note that there are 
other ways to navigate through the index to find the 
solution to this question.  We have merely shown one 
possible way to locate the relevant information.   

The tasks here seem easy for a number of reasons:  (1) 
First, by using conceptual reorganization, users have a high 
confidence that relevant entries are not omitted, because we 
do not rely solely on exact keyword matches.  It is known 
that users generally have a hard time formulating a good set 
of search keywords, as there are large subject variations in 
formulating search queries in search engines, even when the 
task is explicitly specified.  For the first question above for 
example, without the reorganization and fitting the index on 
a single page, a user might have first looked under other 
potential entries such as “Russia” and “fermentation” 
without success.  Instead, users are able to decide “Iraq” is 
the most promising entry. 

(2) Second, there are many page entries that are potentially 
relevant.  Our keyword highlighting on the book pages 
helped in skimming for relevant passages.  By highlighting 
the keywords “KGB chairman” users could easily locate the 
year as shown in the zoom of Figure 6.  In this case, “KGB 
chairman” must be entered as query keywords for the 
highlighting to help in the skimming process. 

As shown in this usage scenario, by reorganizing the index 
entries, the user can narrow down the number of entries that 
one must search through to find the correct answer.  By 
entering all of the relevant keywords, users can see in one 
single screen what might be relevant without having to 
consult multiple index entries dispersed through several 
different index pages. 

 

Figure 5: ScentIndex showing the reorganization after 
"kryuchkov chairman kgb" was entered. 

 

 

Figure 6: Clicking on the 2nd entry of "Kryuchkov, Vladimir" 
page 170, the book opens up to that page (top) and highlights 
any words in the list of “kryuchkov chairman kgb Vladimir”.  
The automatic highlighting helped in locating the relevant 
passages.  Note that we automatically highlight not just the 
search keywords specified by the user, but also the words that 
were in the index entry, such as “Vladimir”. 

Summary of User Study 
Currently the paper version is the predominant way for 
efficient access of information contained in books.  We 
have conducted a user study comparing the performance of 
ScentIndex to the paper version of the subject index.  In our 



companion manuscript [ 7], we describe the detail of the 
user study and its results. 

Before the study, we were not sure if the conceptual 
reorganization of the index would hinder or speedup users.  
Would they get confused by the conceptual reorganization?  
Would they find the interaction cumbersome?  Therefore, 
we are interested in evaluating the entire ScentIndex system 
for retrieving, comparing, and comprehending information 
contained in the subject index of a book as compared with 
the same subject index in the paper version.   We studied 
these three task types for the speed and accuracy 
performance of both content experts and novices.   

We found that users were faster in finishing their tasks and 
more accurate in their answers using the ScentIndex, 
regardless of their expertise level in the book content.  
Users also overwhelmingly preferred the ScentIndex 
interface for these tasks.  The analysis results show that the 
interface condition did not have any interactions with the 
expertise level.   

CONCLUSION 
Reading is essential to the improvement and prolonging of 
human collective knowledge.  The subject index, invented 
in the 15th century, has been one of the most important 
techniques invented to improve the retrieval, comparison, 
and comprehension of conceptual ideas in books.  In this 
short paper, we described the usage scenario of a new way 
of using subject indexes in electronic books.  ScentIndex is 
a method that conceptually reorganizes large subject 
indexes according to some information need.  By 
reorganizing and reducing the index entries down to a 
single page, users can more efficiently navigate and scan 
for information of interest.  We integrate this technique 
with highlighting and navigational enhancements in the 
eBook browsing interface to enable quick scanning and 
skimming of relevant passages.  By taking advantage of 
existing subject indexes, we hope to preserve the look and 
feel of subject indexes in their electronic form as well as 
enhance them for actual use. 
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