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What is Question Answering?

• QA is a computer-based activity that involves 
searching large quantities of text and 
understanding both questions and textual passages 
to the degree necessary to recommend a text 
fragment as an answer to a question.



The Previous QA System

• Used an InQuery database of plaintext news articles

• Matches types of questions to types of answers. Example:
• “Who” tries to match to a person.

• “How much” tries to match to a number.

• Scores each document.

• Returns an answer and the passage containing that answer.



Our Hypothesis

• We will be able to answer questions better
– Using a more statistical dataset

– Sectioning documents 

– Extracting table data



Steps Involved

• Web Crawl

• Hub/Authority Algorithm (reducing the dataset)

• Finding METADATA in the Documents

• Searching the METADATA



Building a Dataset: 
Goal & Importance

• Wanted to concentrate more on statistical data than on 
‘news’ events

• Started from www.fedstats.gov, a site containing links 
to other government and non-government statistical 
sites

• Hopefully would be able to answer factual questions not 
answerable by other QA systems



How we accomplished this
• Focused on retrieving as many documents as 

possible – extracting links from document as much 
as possible
– Extracted links from ‘typical’ link reference tags
– Extracted links from web forms
– Resolved http-redirects to retrieve more pages

• Overfetched – i.e. retrieved documents we would 
later throw out rather than examine them in place

• Preserved HTML structure of documents



‘Tiers’ of Web Crawl
• Downloaded web documents limited by domain name
• Executed crawl in ‘tiers’ – each tier consisted of the next 

layer of domains linked to by the previous layer

www.fedstats.gov

usgs.gov fbi.gov fda.gov cdc.gov

frogs.gov fda.gov ssa.gov cows.gov pbs.org



Web Crawl Results
Total size of 
documents 
retrieved

Documents 
retrieved

Documents retrieved 
limited by following 
domains

Level

35 GB

3.1 GB

1.8 GB

1,408,876Any site linked from 2nd

tier 
16055 domains
*actually incomplete due to time constraints

3rd

tier

143,724Any site linked from 
www.fedstats.gov

3578 domains

2nd

tier

64,514www.fedstats.gov

1 domain 

1st tier



Steps Involved

√ Web Crawl

• Hub/Authority Algorithm (reducing the dataset)

• Finding METADATA in the Documents

• Searching the METADATA



Document Classification

• Hub (Linking) pages
– high link count
– small amount of “useful” information
– “error” pages

• Authoritative pages
– low link count
– large amounts of “useful” information



Example: Hub Page



Example: Authority Page



Basic Heuristic Results
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• The Basic Heuristic does poorly
– static method of identifying the body of documents

– doesn’t attempt to look for “error” documents

• Need a More Accurate Heuristic
– dynamically identify the body of documents

– looks for “error” documents

Basic Heuristic Results
Problems

Solutions



Building Vectors from Tokens

• Tokenize each document into two types of tokens
– text tokens (words)
– HTML tag tokens

• Assign binary weights to each token
– text tokens = “0”
– HTML tag tokens = “1”

• Represent an HTML document as a vector of binary 
weights



Vector Construction

<HTML>
<TITLE>Cleveland Browns Homepage</TITLE>
<BODY>

<P>Welcome to the <B>Cleveland Browns</B> Homepage!</P>
</BODY>

</HTML>

1 0 0 0 1 1 1 0 0 0 1 0 0 1 0 1 1 11



DS Graph Hub Example



DS Graph Authoritative Example



• HUB Documents
– sum of text segment lengths < 10% of document length
– average text segment slope > 50% of document slope
– look for “error” documents

404 File Not Found Page Not Found

• AUTHORITATIVE Documents
– average text segment slope < 50% document slope

Classification from Text Segments



DS Heuristic Results
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Comparative Heuristic Results
Comparison of Original and DS Heuristics
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Steps Involved

√ Web Crawl

√ Hub/Authority Algorithm (reducing the dataset)

• Finding METADATA in the Documents

• Searching the METADATA



What is METADATA?

• METADATA describes an object



Why is METADATA Important?

• Adding METADATA to a document creates more 
searchable documents

• By adding METADATA to documents, we hope to 
improve the efficiency of our QA searches

William J. Clinton » <NAME> William J. Clinton </NAME>

3 gallons » <NUMBER TYPE = “VOLUME”> 3 gallons </NUMBER>

Amherst, MA » <PLACE> Amherst, MA </PLACE>



Identifying METADATA
• Locate METADATA within a document



Example of Finding METADATA



METADATA: Focus

• Sectioning documents with  METADATA

• HTML table markup

• Identifying plain-text tables



Sectioning with METADATA
• Include the document segments between 
METADATA to create sections



METADATA: Focus

√ Sectioning documents with  METADATA

• HTML Table Markup

• Identifying plain-text Tables



Using Table Data

• Two types of tables found in documents on the web:
• HTML (marked up by the document author)

• Plain text (no markup given)

• Problem:
• Answer is often remote from METADATA

(column headings, row headings, title, units)



HTML Table Markup

• Why do we want to do 
this?
– Majority of sites from our 

data set contain tables. 

– Many numeric answers are 
contained in tables.

Percentage of Documents in Our Data Set 
with HTML tables

21%

79%

Docs without tables
Docs with Tables



Our Approach

• Search through each document to see if it contains any 
<TABLE> tags

• If it does, try to markup individual table cells.

• Problem: what are the row and column headings for each 
cell?



Solution

• Table Generalities:
– The first row in a table usually contains column 

headings.

– The first entry in each row is usually the row heading.

• Using this information, we can add contextual 
markup to each table cell.



Examples of METADATA

<QA-TABLE TITLE=“Economic Freedom Index 
-
Black market factor 
Index of Economic Freedom, Heritage 
Foundation 
Scale: 1=Very low, 2=Low, 3=Moderate 
4=High, 
5 Very High”

ROW-HEADING=”Bahamas"
COL-HEADING=”1999 ">
2
</QA-TABLE>
<QA-TABLE TITLE =“Economic Freedom Index 

-
Black market factor 
Index of Economic Freedom, Heritage 
Foundation 
Scale: 1=Very low, 2=Low, 3=Moderate 
4=High, 
5 Very High”

Economic Freedom Index - Black market factor 
Index of Economic Freedom, Heritage Foundation 
Scale: 1=Very low, 2=Low, 3=Moderate 4=High, 5 Very High

1999 2000 2001

Bahamas 2 2 2

Barbados 3 2 2

Cuba 5 5 5

Haiti 5 5 5

Honduras 4 4 4

Jamaica 3 3 3



METADATA: Focus

√ Sectioning documents with  METADATA

√ HTML Table Markup

• Identifying plain-text Tables



Plain Text Tables

• Motivation:  A lot of the documents in our data set are 

ASCII text files which contain tables.

• Problems:
• Finding tables in text files

• Table formats and layouts not consistent across a wide 
collection of documents. 



Examples of plain text tables



Problematic Tables



Solution
• We implemented a system for retrieving text tables 

called TINTIN(Pyreddy and Croft).  A similar 
implementation was written by Margie Connell of the 
CIIR. 

• Our implementation is comprised of 3 steps:
• An extractor algorithm, which finds possible tables in a 

document.
• A captioning algorithm, which differentiates between table 

data and data about that table(titles, headings).
• An XML table markup program, which adds XML-compliant 
METADATA to each table cell entry.



Extraction
• Steps:

• Eliminate noise in the document.  Example:
**** ******* *** * ******* ******
*****    *****    *********   ****
*****        **        *****           **
******      **        *****           **
***           ***         ****           **
********** ****** ********* ****

• Go through the document and create a CAG (Character Alignment 
Graph).  A CAG is formed by checking for whitespace alignment in 
contiguous lines of text.

• Find gaps by looking for contiguous locations of whitespace in the 
CAG.  These gaps are considered potential column separators and the 
lines are potential table rows.



Captioning
• We used five separate heuristics in order to differentiate 

between table lines and captions(information) about the 
table lines:

• Gap Structure

• Alignment

• Pattern Regularity

• Differential Column Count

• Differential Gap Structure



XML Markup (METADATA)

• Cell data not marked up in the original TINTIN system.
• Similar to HTML table markup at this point, though less 

precise.  Example:
<QA-table TITLE=“Schedule C - Country List (by name) CODE NAME 

ISO”
ROW=“7620”>
Angola AO
</QA-table>

• Problems:
• Finding the correct column headings consistently.
• Finding the title of the table (how many of the non-table lines 

before and after the table do you count as the title?



Steps Involved

√ Web Crawl

√ Hub/Authority Algorithm

√ Finding METADATA in the Documents

• Searching the METADATA



Searching Metadata

• Sections
– Search sections for answers to questions instead 

of entire documents
• Tables

– Translate marked up tables into sentences that 
current system can understand



State of Current QA System



State of  Current QA System



Web Demo

click

http://canberra.cs.umass.edu/~reu2/QA2.html



Future Work

• A better hub/authority algorithm

• Sectioning of documents before putting them into an 
InQuery database

• Mine data from query-type pages

• Use link text as METADATA

• Use METADATA to augment scoring, perhaps choose 
passages to score

Future Work
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