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Welcome 

 

Welcome  to  2010  3rd  International  Conference  on  Computer  Science  and 
Information  Technology—ICCSIT  2010.  At  first,  we  are  so  glad  to  see  the 
progress of this conference both in terms of quality and quantity. Based on the 
successful  of  ICCSIT  2009,  The  number  of  the  submissions  this  year  has 
increased  largely  and  much  more  scholars  such  as  the  leading  researchers, 
engineers  and  scientists  in  the  domain  of  interest  from  around  the  world, 
participate actively  in  and  start  to  enjoy  this  conference. As we know  that  the 
conference in 2009 hold in Beijing has been held successfully, I trust deeply that 
we i w ll step on a higher floor of this conference this year in Chengdu, China. 
 
As  a  global  academic  symposium  on  Computer  Science  and  Information 

Technology,  the  aim  of  ICCSIT  2010  is  to  facilitate  the  communication  of 
academe  between  domestic  and  foreign,  to  construct  international 
co munication platform, and also to exhibit the new fruits of new advances of 
Co
m
mputer Science and Information Technology. 
 
At this moment, our sincere thanks give to organizers and program committee 

who  deeply  contributed  to  the  success  of  the  conference  in  this  year  by 
or anizing a  technical  track  for  the  ICCSIT 2010. Special  thanks are due  to  the 
au
g
thors who contributed to this conference. 
 
e hope and believe  that  everybody here will  have an  academic enjoyment 

during this conference in Chengdu, China. 
W

 
 
 

The ICCSIT 2010 Organizing Committees 
July 710, 2010 
Chengdu, China 
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Abstract—Digital library users might not enter a digital library 
through homepage menus. As a result, digital library owners 
should consider the visibility to search engines of stored PDF 
documents. The aim of this research project was to determine 
to what extent the visibility of these PDF documents can be 
improved. 
In a series of empirical experiments, 100 PDF documents 
stored on digital libraries were identified an inspected. 
Searches were done for them and rankings on search engine 
result pages recorded. The current visibility of these 
documents was then calculated. After submission to Google, a 
waiting period was allowed for crawler visitation and the 
searches repeated. 
The results of these experiments proved that the visibility of 
these documents could be improved only marginally. It is 
therefore concluded that the designers of university digital 
libraries should consider other alternatives, such as providing 
text extracts of PDF documents, to enhance the overall 
visibility of content. 

Keywords-digital library; PDF document; search engine 
crawler 

I. INTRODUCTION  
The concept of storing documents for later retrieval dates 

back to the Sumerians in the 3rd millennium BC [1]. Using 
electronic media to store these documents is not new either. 
Even the use of search engines to find relevant information 
on the Internet dates back to the early days of the Internet, 
about a decade and a half ago.  

The exponential growth of masses of disjointed 
information available on the Internet has lead to the creation 
of digital collections of documents, often managed by a 
university. The concept of a digital library started making 
sense as the hardware to store it and algorithms to manage 
retrieval were developed to keep pace with these volumes. 
Many definitions of a digital library exist, and most of them 
include phrases like: "digital resources", "intellectual access", 
"collection of documents", "managed collection of 
information", and many more. Advanced mathematical 
treatment of the ontology of digital libraries has done little to 
clarify this definition [2]. For the purpose of this research, a 
digital library will simply be defined as: 

a collection of stored documents, managed by a 
university, which provides a menu structure for users to 
freely access these stored documents via an Internet browser.  

The navigation of websites offers a plethora of 
opportunities to either assist the user in quickly finding 
desired materials on websites, or frustrate them to the point 
of continuing the chase on another website. Much research 

has been done in an attempt to define and describe effective 
navigation structures [3], [4]. However, many users arrive at 
the non-homepage of a website (through a search engine), 
and can therefore not follow standard navigation. Hence the 
designers of digital libraries should consider the degree of 
visibility to search engines of documents stored in these 
digital libraries. 

This leads to the concept of website visibility-the degree 
to which a website can be found and indexed by a search 
engine crawler. Apart from marketing a digital library to 
university users and others outside the university, digital 
library owners must consider the marketing of their content 
to search engine crawlers. The objective of this research 
project was to measure the visibility of a collection of digital 
library Portable Document Format (PDF) documents, and 
attempts to improve their visibility through standard search 
engine submissions. 

II. PREVIOUS WORK 
 

Information Retrieval (IR) research dates back to many 
years before the birth of the Internet. Ingwersen defined IR 
as being  

 “… concerned with the processes involved in the 
 representation, storage, searching and finding of 
 information which is relevant to a requirement for 
 information desired by a human user” [5].   

However, the focus in the research was specifically on 
the retrieval of PDF documents, stored in a university digital 
library, through a standard search engine. Hence the 
following brief summaries of previous research on PDF 
documents, digital libraries and search engines. 

A. PDF Documents 
The PDF document standard hails from 1993, and was 

created by Adobe Systems to enhance cross-platform two-
dimensional document exchange. Since then, it has been 
accepted on a much wider front, and has set a new standard 
in document creation. One feature that added to its popularity 
is the fact that PDF documents could not be opened, and 
therefore edited, with the common MSWord program (or 
ASCII editing programs). 

Apart from the original PDF creator program (Adobe 
Acrobat), many other 3rd party programs flooded the market 
to offer an alternative way of creating these files: BullZip 
PDF Printer, DeskPDF Professional and PDF Converter 
Professional 4 amongst others [6]. An online search for "pdf 
program" on www.yahoo.com produces endless lists of 
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results with taglines such as "Adobe Reader", "Create PDF", 
"List of PDF software", "PDF Converter", "Create PDF for 
free", etc. Companies were started up to provide "PDF 
related" services, for example to protect the PDF content of 
documents stored by companies [7]. The PDF document 
format has been touted as "… the focused way…" for 
academics to reduce author's costs and ensuring that their 
research outputs are easily accessible and freely available on 
the Web [8]. This author actually urges academics to choose 
journals for publication of their work, who publish in PDF 
format. In summary, it appears as if the PDF document 
format is the type academics should use to store their work in, 
to ensure standardization and protection of content. 

B. Search Engines 
Arguably the biggest event affecting the future of the 

PDF format, apart from its release the first time, was the 
announcement that Google can now index PDF documents. 
At that time, PDF documents were considered to be part of 
the invisible Web, that part of the information seas which 
were impenetrable by search engine crawlers: 

 "Adobe PDF files represent a large domain of the 
 Web that is invisible to traditional search 
 engines, and thus, to users". [9] 

A total of 13 000 000 PDF documents were claimed to be 
part of the Web at that time. This new Google feature 
claimed to search the PDF document in its entirety, and 
could display the contents in ASCII format. 

The Ask Jeeves search engine (initially a natural 
language search engine) started indexing PDF files in 2004 
[10]. At the time it was still considered to be an exception, 
and searchers were advised through a red label that the 
document they have just found was of PDF type. No option 
was available to allow searchers to specify that they wanted 
to filter only PDF files. 

It was considered a breakthrough when a new search 
engine was designed specifically to read the content of PDF 
files, targeting technical users looking for product 
information [11]. This product claimed to use propriety 
algorithms which could convert standard PDF pages into a 
document version which could be read online. These include 
JPG documents, which are displayed in response to a 
searchers' query. Yahoo also claimed to index PDF 
documents [12].  

It thus appears as if search engines have lately been 
created/adapted to deal with the complexities of indexing and 
reporting on the contents of PDF files. However, constant 
rumours and other forms of unofficial communications have 
been prevalent, claiming that PDF documents are not as easy 
to index as plain text, RTF and MSWord type files. No 
evidence of empirical research could be found to confirm or 
refute these vague claims, hence the motivation for this 
research project. 

C. Digital Libraries 
The term "digital library" was first used in print in a 1988 

report to the Corporation for National Research Initiatives 
[13]. Most digital libraries offer the user an interface with 
searching and/or drilling down options, all aimed at 

retrieving relevant information quickly and easily. Research 
has been done on the efficient storage of seven different 
formats of documents in digital libraries, and the authors 
reported that high degrees of compression are possible. 
Document formats covered include PDF, text, HTML and 
RTF [14]. 

Recently an ebook provider (ebrary) suggested that 
metadata be used to make PDF files stored in library 
collections more accessible to users, implying thereby that 
native PDF files are not easily accessible [15].  This seems to 
be in line with the claims listed earlier about PDF documents 
being less indexable than plain text. 

In summary, it is clear that the PDF format cannot be 
ignored, digital libraries seem to store many of their 
documents in this format and search engines might have 
trouble in indexing PDF documents. Clearly, more work was 
required to clarify the issue around the visibility of PDF 
documents in digital libraries. 

III. METHODOLOGY 
The objective of this research project was to determine 

whether or not it is possible to enhance the visibility of PDF 
documents in a digital library. Empirical research was done 
and quantitative data gathered to address this issue. It was 
necessary to identify not only one or more digital libraries, 
but also one or more documents stored in each digital library. 

A. University List 
Although many institutions host digital libraries, the 

focus of this research was on universities, hence the decision 
to target only university digital libraries. There are thousands 
of universities the world over, and a choice had to be made 
on which one's digital libraries to use in this research. It was 
considered prudent to use the digital libraries of those 
universities generally considered to be top ranked in world. It 
was not within the scope of this research project to measure 
the quality of digital libraries, so this choice of universities 
has no implication on the quality of its digital libraries. 

Various research groups are doing work on the ranking of 
universities according to some pre-determined scale. A 
number of these were identified, and each one was inspected 
to see if they used some academic method on which they 
base their ranking.  Three were found (see Table 1), and each 
one's top 30 universities were listed.  

TABLE 1.  THREE WORLD UNIVERSITY SCORING SYSTEMS. 

Name Ranking 
URL 

Method URL 

ARWU 

http://www.arw
u.org/ARWU2
009.jsp 
 

http://www.arwu.org/Fiel
dMethodology2009.jsp 
 

Top 
Universities

http://www.top
universities.co
m/university-
rankings/world
-university-
rankings/2009/r

http://www.topuniversitie
s.com/university-
rankings/world-
university-
rankings/methodology/si
mple-overview 
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esults  

Webometrics 
Ranking Of 
Universities 

http://www.we
bometrics.info/t
op6000.asp 
 

http://www.webometrics.i
nfo/methodology.html 
 

 
A score of 30 for the top university in each of the three 

lists, 29 for the second, etc was allocated, then added. Thus 
the minimum and maximum score any one university could 
earn in the final list was: one (university appears only on one 
list, in position 30), and 90 (university appears in top 
position on all three lists) respectively. The list was sorted 
from highest to lowest score, with a total of 57 universities 
making it into the final list - see Table 2.  

 
TABLE 2.  COMBINED TOP WORLD UNIVERSITY LIST. 

 
University Score University Score

Harvard University 89 Texas A&M University 14 
Massachusetts 
Institute of 
Technology 

79 University of California, 
San Francisco 14 

Stanford University 72 Mcgill University 13 
California Institute 
of Technology 70 University of Maryland 13 

University of 
Chicago 65 ETH Zurich (Swiss 

Federal Institute of T... 11 

Cornell University 62 Purdue University 11 
Columbia 
University 60 University of Edinburgh 10 

University of 
California, Berkeley 55 University of Minnesota, 

Twin Cities 9 

University of 
Pennsylvania 52 University of Tokyo 9 

Yale University 49 KING'S College London 8 
Princeton 
University 47 Pennsylvania State 

University 8 

University of 
Oxford 47 Washington University 

in St. Louis 8 

University of 
Michigan 45 Northwestern University 7 

Johns Hopkins 
University 41 University of Hong 

Kong 7 

University of 
Wisconsin - 
Madison 

40 Kyoto University 6 

University of 
Cambridge 38 University of Arizona 6 

University of 
Washington 35 National Taiwan 

University 5 

University of 
Illinois at Urbana-
Champaign 

33 New York University 5 

University of 
Minnesota 33 University of Manchester 5 

University of 
California Los 
Angeles 

31 Rockefeller University 4 

UCL (University 
College London) 27 University of Florida 4 

Imperial College 26 Ecole Normale 3 

London Superieure, PARIS 

Duke University 23 University of Colorado 
at Boulder 3 

Carnegie Mellon 
University 21 University of California, 

Santa Barbara 2 

University of Texas 
Austin 20 

Virginia Polytechnic 
Institute and State 
University 

2 

University of 
California, San 
Diego 

18 National University of 
Singapore (NUS) 1 

University of Tokyo 16 University of British 
Columbia 1 

University of 
Toronto 15 University of North 

Carolina Chapel Hill 1 

Australian National 
University 14 

Cape Peninsula 
University of 
Technology 

- 

B. Digital Library List 
However, every university in Table 2 did not have a 

digital library. Furthermore, it is clear that search engine 
crawlers cannot find and/or index a document which is 
hiding behind a required human login. Thus only those 
universities offering a digital library without requiring a 
logon would be used. Next, each university domain name 
was found through ordinary Internet searching and URL 
guessing. Each domain was inspected in terms of the content, 
logo, sub-domain names and contact detail, to ensure that it 
was the official university website.  

Furthermore, every official university website was 
inspected to determine whether or not it offered a digital 
library service to its viewers (www.opendoar.org/ was also 
used). Both those that did not and those which did but 
required a human login were omitted. The remaining top 19 
names on the list were retained for the experiment, and the 
name of the author's home university digital library was 
added. These 20 university names are shaded in Table 2. 

C. PDF Document List 
To ensure a large enough sample, it was considered 

necessary to identify five documents from each digital 
library, yielding a total of 100 PDF documents used in this 
experiment. Documents were chosen from "Recent 
Submissions" or similar headings if it were offered.  

If not, links to Faculties and/or departments were 
followed, and a random selection of five documents was 
found. In all cases only PDF documents were considered. 

D. PDF Document Searching 
Previous research has proven that 67% of Internet 

searchers on the average read only the first page of search 
engine results [16]. Google shows 10 results per page by 
default, so a test PDF document was recorded as being listed 
by Google only if its exact URL is being shown within the 
first 10 results on a Google search result page. 

A decision had to be taken on how to search for each 
document, before its presence or absence in Google search 
results could be recorded. It has been proven that phrase 
searching produces relevant results [1], as well as simply 

375



stringing together a number of weight-carrying keywords, 
separated by spaces [16]. As a result, the following three 
rules for search query construction were formulated: 

• filter out the first five keywords from the title of the 
PDF document, by omitting all stop words (the, that, 
a, etc). The search query will then be these five (or 
four, or three, etc) keywords, separated by spaces 
(this is also an image of the way Google treats 
sentence-based queries). 

• generate a search query by linking the surnames of 
all authors. The search query will then be a series of 
words (surnames) separated by spaces. 

• generate a search query, in quotes, by copying the 
first words of the first sentence of the body of the 
document, up to but not including the first 
 punctuation sign  (comma, full stop, etc). 

As an example, one of the test documents had the following 
attributes: 
TITLE:  Top ranking commercial websites - search 
  engine optimization versus pay per click. 
AUTHORS: W. Kritzinger, M. Weideman 
 FIRST SENTENCE OF BODY TEXT: 
  "It is important that all businesses have an 
  Internet presence (Kennedy & Kennedy, 
  2008)" 

 
Table 3 lists the three search queries, based on the rules 
above, run on this test document. 
 

TABLE 3. THREE SEARCH QUERIES BASED ON THE TEST 
DOCUMENT. 

 
No. Query 
1 commercial engine optimization pay click 
2 kritzinger Weideman 

3 "It is important that all businesses have an 
Internet presence" 

 

E. Recording and Repetition 
The results of each one of the 300 searches (20 digital 

libraries x 5 documents each x 3 search terms each) were 
recorded. "NF" ("Not Found") was used if the exact URL 
was not listed in the first 10 Google results, and a figure (eg 
"3") was used to indicate  that the exact URL was found in 
position 3 of the results. 

After the first phase searching and result recording, each 
one of the 300 document URLs were manually submitted to 
Google, using their standard website submission page 
(http://www.google.com/addurl/?continue=/addurl). A 
waiting period of 24 days was allowed for crawler visitation, 
and the second phase searching and result recording was 
done. Both the two search phases and the submission phase 
were each fitted into one day each, to ensure that all 
documents had the same exposure time to the Google 
crawler.  

In parallel with this work, three text-only HTML 
webpages were created on three different domains (two .com 

and one .co.za domains), and all pages were submitted to 
Google on the same day. The purpose was to see if the 24 
day waiting period was long enough, and to see if the crawler 
could index these text-only pages with ease. All three text 
documents were found for the first time on day 15, and were 
easily findable by using parts of their content as a Google 
search query. It should be noted that research work continues 
on Google's algorithm which determines ranking. Recently, 
Sargolzaei has done some in-depth mathematical work on the 
determination of the PageRank of a website [17], which 
implies that relevancy of results and ranking will probably 
remain topical issues in IR research. 

A system was implemented where a score was allocated 
depending on a document's ranking. A ranking of NF earned 
a score of zero, rank 10 (the worst possible on a screen of 10 
results) earned a score of one, up to a ranking of one (score = 
10). A higher score value (= lower rank value) indicates a 
better ranking. A Class number was allocated to each one of 
the 300 searches; Class 1 to indicate an improvement in 
ranking; Class 2 - no improvement, but ranking was 1 (best) 
in any case, no improvement possible; Class 3 - no change, 
ranking was NOT = 1 and Class 4 - a deterioration in ranking 
has taken place. 

 

IV. RESULTS AND ANALYSIS 
Due to the large volume of data, all results cannot be 

displayed. A summary of all the results for one university 
only is given in Table 4. As example, from Table 4; 
Document 1, 3, 4, 5 - no change in Visibility (Class 3); 
Document 2 - slight increase in visibility (Class 1). 

 
TABLE 4.  RESULT SUMMARY: CAMBRIDGE UNIVERSITY. 

 
UNIVERSITY 
NAME 

University of 
Cambridge 

DOC3 ANS2 
AFTR 

NF 

RANKING 38 DOC3 
SCORE2 
AFTR 

0 

HOME PAGE 
URL 

http://www.c
am.ac.uk/ 

DOC3 QUERY 
3 

"The 
performance of 
a recursive data 

structure" 
DIGITAL 
LIBRARY  
URL 

http://www.c
l.cam.ac.uk/t
echreports/ 

DOC3 ANS3 
BE4 

NF 

PASSWORD 
ACCESS 

N DOC3 
SCORE3 BE4 

0

DOC1 URL http://www.c
l.cam.ac.uk/t
echreports/U
CAM-CL-
TR-766.pdf 

DOC3 ANS3 
AFTR 

NF 

DOC1 
QUERY1 

Robust 
inexact 

geometric 
computation

DOC3 
SCORE3 
AFTR 

0

DOC1 ANS1 
BE4 

1   

DOC1 
SCORE1 BE4

10 VISIB SCORE 
BE4 

3.33 

DOC1 ANS1 
AFTR 

1 VISIB SCORE 
AFTR 

3.33 
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DOC1 
SCORE1 
AFTR 

10 CLASS 3

DOC1 
QUERY 2 

Smith DOC 4 URL http://www.cl.c
am.ac.uk/techre
ports/UCAM-

CL-TR-756.pdf
DOC1 ANS2 
BE4 

NF DOC4 QUERY 
1 

Analysis 
Internet’s 
structural 
evolution 

DOC1 
SCORE2 B4 

0 DOC4 ANS1 
BE4 

NF

DOC1 ANS2 
AFTR 

NF DOC4 
SCORE1 BE4 

0 

DOC1 
SCORE2 
AFTR 

0 DOC4 ANS1 
AFTR 

NF 

DOC1 
QUERY 3 

"Geometric 
algorithms 

implemented 
using 

rounded 
arithmetic 

are prone to 
robustness 
problems" 

DOC4 
SCORE1 
AFTR 

0

DOC1 ANS3 
BE4 

NF DOC4 QUERY 
2 

Haddadi Fay 
Uhlig Moore 

Mortier 
Jamakovic 

DOC1 
SCORE3 BE4 

0 DOC4 ANS2 
BE4 

NF 

DOC1 ANS3 
AFTR 

NF DOC4 
SCORE2 BE4 

0

DOC1 
SCORE3 
AFTR 

0 DOC4 ANS2 
AFTR 

NF 

VISIB 
SCORE BE4 

3.33 DOC4 
SCORE2 
AFTR 

0 

VISIB 
SCORE AFTR 

3.33 DOC4 QUERY 
3 

"In this paper 
we study the 

structural 
evolution of the 
AS topology as 
inferred from 
two different 

datasets over a 
period of seven 

years" 
CLASS 3 DOC4 ANS3 

BE4 
NF

DOC2 URL http://www.c
l.cam.ac.uk/t
echreports/U
CAM-CL-
TR-764.pdf 

DOC4 
SCORE3 BE4 

0 

DOC2 
QUERY 1 

Statistical 
anaphora 
resolution 
biomedical 

texts 

DOC4 ANS3 
AFTR 

NF

DOC2 ANS1 
BE4 

3 DOC4 
SCORE3 
AFTR 

0

DOC2 
SCORE1 BE4 

8 VISIB SCORE 
BE4 

0.00 
 

DOC2 ANS1 2 VISIB SCORE 0.00 

AFTR AFTR 
DOC2 
SCORE1 
AFTR 

9 CLASS 3 

DOC2 
QUERY 2 

Gasperin DOC5 URL http://www.cl.c
am.ac.uk/techre
ports/UCAM-

CL-TR-755.pdf
DOC2 ANS2 
BE4 

NF DOC5 QUERY 
1 

Skin-detached 
surface 

interactive 
mesh editing 

DOC2 
SCORE2 BE4

0 
 

DOC5 ANS1 
BE4 

1 

DOC2 ANS2 
AFTR 

NF DOC5 
SCORE1 BE4 

10

DOC2 
SCORE2 
AFTR 

0 DOC5 ANS1 
AFTR 

1 

DOC2 
QUERY 3 

"This thesis 
presents a 
study of 

anaphora on 
biomedical 
scientific 

literature and 
tackles the 
problem of 
anaphora 

resolution in 
this domain"

DOC5 
SCORE1 
AFTR 

10 

DOC2 ANS3 
BE4 

NF DOC5 QUERY 
2 

Gao Hao Zhao 
Dodgson 

DOC2 
SCORE3 BE4

0 DOC5 ANS2 
BE4 

1

DOC2 ANS3 
AFTR 

NF DOC5 
SCORE2 BE4 

10 

DOC2 
SCORE3 
AFTR 

0 DOC5 ANS2 
AFTR 

1 

VISIB 
SCORE BE4 

2.67 DOC5 
SCORE2 
AFTR 

10 

VISIB 
SCORE AFTR

3.00 DOC5 QUERY 
3 

"We propose a 
method for 
interactive 

deformation of 
large detail 

meshes" 
CLASS 1 DOC5 ANS3 

BE4 
1 

DOC3  URL http://www.c
l.cam.ac.uk/t
echreports/U
CAM-CL-
TR-757.pdf 

DOC5 
SCORE3 BE4 

10 

DOC3 
QUERY 1 

Improving 
cache 

performance  
runtime 

movement 

DOC5 ANS3 
AFTR 

1 

DOC3 ANS1 
BE4 

1 DOC5 
SCORE3 
AFTR 

10

DOC3 
SCORE1 BE4

10 VISIB SCORE 
BE4 

10 

DOC3 ANS1 
AFTR 

1 VISIB SCORE 
AFTR 

10.00 

DOC3 10 CLASS 3
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SCORE1 
AFTR 
DOC3 
QUERY 2 

Adcock AVER VISIB 
SCORE BE4 

3.867 

DOC3 ANS2 
BE4 

NF AVER VISIB 
SCORE AFTR 

3.933 

DOC3 
SCORE2 BE4 

0 AVER CLASS 2.600

 
Furthermore, a summary was made of the number of 

documents occupying each class. Class 1 was populated by 
24%, Class 2, 0%, Class 3, 60% and Class 4, 16% of the 
documents. Thus 24% of the documents experienced an 
increase in score (= lower numerical ranking = better), while 
60 document's score remained the same. The remaining 16 
documents (Class 4) decreased in score (= higher numerical 
ranking = worse). The overall averages for all 300 searches 
are:  

• Visibility Score before submission: 1.308 (best score 
= 10, worst score = 1) 

• Visibility Score after submission: 1.513 (best score = 
10, worst score = 1) 

• Average Class number: 2.68 (best class = 1, worst 
class = 4) 

 
From these results it appears as if the overall trend does 

not indicate a noticeable improvement in visibility of the 100 
test documents. Six out of 10 documents retained their 
degree of visibility, while less than ¼ experienced an 
increase. The decrease in visibility (16 documents) can be 
ascribed to a number of factors. Google could have executed 
its regular Google dance during the 24 days (an updating of 
its indices, which always result in some increases and some 
decreases in ranking). Secondly, some of these documents 
could have been renamed, moved to a different subdirectory, 
or deleted - all three actions would have the same effect.  

The overall average visibility scores are rather low - an 
increase from 1.308 to 1.513 out of 10 is not a high figure. 
However, statistical tests were done to measure the degree of 
improvement in visibility. The Wilcoxon Signed Ranks Test 
was employed to test if the difference between the "Before" 
and "After" values is significant. See Tables 5 and 6 for the 
results. 

 
TABLE 5.  STATISTICAL MEASUREMENT 1: WILCOXON SIGNED 

RANKS TEST. 
 

Ranks 

 N Mean Rank 
Sum of 
Ranks 

VISIB 
SCORE-
AFTR - 
VISIB 

SCORE-
BE4 

Negative 
Ranks 

16a 20.63 330.00 

Positive 
Ranks 

24b 20.42 490.00 

Ties 60c   
Total 100   

a. VISIB SCORE-AFTR < VISIB SCORE-BE4 
b. VISIB SCORE-AFTR > VISIB SCORE-BE4 

Ranks 

 N Mean Rank 
Sum of 
Ranks 

VISIB 
SCORE-
AFTR -
VISIB 

SCORE-
BE4

Negative 
Ranks 

16a 20.63 330.00 

Positive 
Ranks 

24b 20.42 490.00 

Ties 60c   
Total 100   

a. VISIB SCORE-AFTR < VISIB SCORE-BE4 
b. VISIB SCORE-AFTR > VISIB SCORE-BE4 
c. VISIB SCORE-AFTR = VISIB SCORE-BE4 

 
 
 

TABLE 6.  STATISTICAL MEASUREMENT 2: WILCOXON SIGNED 
RANKS TEST. 

 
Test Statisticsb 

 VISIB SCORE-AFTR - VISIB SCORE-
BE4 

Z-value   -1.080a 
p-value. (2-tailed) 0.280 

a. Based on negative ranks. 
b. Wilcoxon Signed Ranks Test 

 
Since the p-value is more than 0.05 it is evident that there 

is no difference between the "Before" and "After" values. 
 

V. CONCLUSION 
It is clear that the 100 PDF document's ranking improved 

very little over time. The statistical analysis proved that this 
improvement is statistically negligible. It is thus concluded 
that digital library owners (ie the Library head, or the Vice 
Chancellor of a university) should take definite steps to 
increase the visibility of PDF documents stored therein. 
Using the PDF format is not enough to guarantee visibility; 
providing a clear menu structure from the homepage does 
not necessarily add to crawler visibility; even manual 
submission of each document to a crawler (as the only 
method of visibility improvement) is not acceptable.  

Possible actions could include the creation of text-based 
webpages containing the titles and abstracts of the PDF 
documents. These pages should be stored on the same 
website. Secondly, many inlinks from the home- and other 
pages of the website should be set up to point to these new 
pages. Finally, these "new" webpages should be manually 
submitted to search engines [16]. 

Furthermore, the manual submission of every PDF 
document in the collection as done in this research project 
will enhance the visibility of some of these PDFs, as 
indicated in the results. If the document collection is too 
large to make this possible, automated programs (with 
human intervention to handle Captchas) could be used for 
this purpose. 
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Further research opportunities abound in the results of 
this project. An investigation could be done into the 
increase/decrease in visibility of documents per university. 
This could provide guidance on the way some digital 
libraries store their PDF documents.  

Secondly, three different search queries were generated 
for each document, each query producing two sets of 
visibility results (before and after). A comparison could be 
made to see which method yielded the best results under the 
circumstances of this research project. In turn, these results 
could be useful to digital library owners to assist users to 
enhance their search results. 

In conclusion, this research has proven that the Google 
search engine does not index PDF documents with ease, as 
can be expected from text and RTF documents. Even a 
manual submission of the exact URL of PDF documents as 
the sole method of visibility improvement, does not seem to 
entice successful crawler visits in all cases.  
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