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14  Question Answering 



• Question Anwering is a specialized field within 
AI and Natural Language Processing (NLP) 
– Aim at answering questions provided in natural 

language 
– „How big is Godzilla?“ 
• „50m – 100m“ 

– “Who is Mothra?” 
• “Mothra (モスラ) is a kaiju, a type of fictional monster in 

form of a giant 80 meter lepidopteran with characteristics of 
both butterfly and moth. She is almost always portrayed as a 
kind and benevolent creature,!protecting earth from greater 
threats.” 
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14.1 Question Answering 



• QA Systems can be classified by multiple 
properties 
– Answer Domain 
• Open or closed 

– Supported Question Types 
• Factoids, Definitions, Yes-No, etc. 

– Used Technologies 
• Shallow QA vs. Deep QA 
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• Closed-Domain QA 
– Within a single domain 
• e.g. medicine, animals, etc. 
• Can easily exploit domain specific language 
• May use domain specific ontologies 

– e.g. MeSH 

• Usually, only a limited variety of questions is asked 
• Often, systems use only few data sources 
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• Open-Domain 
– Any topic may be asked 
– Any type of question may be asked 
• Neither question type nor topic are known upfront and 

must be identified by the system 

– A multitude of different data sources is necessary 
• Aggregation and selection of answer candidates may be very 

difficult 
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•  Question Type:  
Categorization of questions requiring specialized processing strategies 
–  FACTOID 

•  “How big is Godzilla?” 
–  LIST 

•  “Which monsters have battled Godzilla?” 
–  DEFINITION 

•  “Who is Mothra?” 
–  RELATIONSHIP 

•  “What is the connection between Mothra and Infant Island?” 
–   SUPERLATIVE 

•  “What is the largest city on Earth?” 
–   YES-NO 

•  “Can Godzilla be defeated by human weapons?” 
–   OPINION 

•  “What do Americans think of Godzilla?” 
–   CAUSE&EFFECT 

•  “Why does Godzilla attack Tokyo?” 
–  … 
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• Answer Type:   
The entity type sought by the question 
– PERSON (from “Who …”) 
– PLACE (from “Where …”) 
– DATE (from “When …”) 
– NUMBER (from “How many …”) 
– EXPLANATION (from “Why …”) 
– METHOD (from “How …”) 
– … 
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• Question Focus:  
The property or entity that is being sought by the 
question. 

•  e.g. 
– “In which country is the Statue of Liberty?” 
– “What is the population of Romania?” 
– “What color is a arrow poison frog?” 
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• Question Topic:  
the object (person, place, …) or event that the 
question is about.   
– The question might well be about a property of the 

topic, which will be the question focus. 

•  E.g. “What is the height of Mt. Everest?” 
– height is the focus 
– Mt. Everest is the topic 
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• Why is QA not IR? 
– IR is about retrieving relevant  

documents by keyword searches 
• Relevant is usually computed by the creditability and 

popularity of the source 
– e.g. Wikipedia is very popular, most searches will have Wikipedia as 

one of the top-hits 

• The full document is returned 
– The answer to a question implicitly encoded by the keywords might 

or might not be in the document 
– Even if it is, you usually do not know where and in which context 
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– QA should be able to answer even complicated 
questions 
• Correctness is important! 
• Answers should be reliable and be validated 

– …and should not be just about counting words… 

– Example: “Who is the King of Switzerland?” 
• Correct Answer: “There is no king in Switzerland” 
• Google will still return millions of results… 
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– Example: “Who is the king of Mallorca?” 
• Question is ambiguous! 

– “What is the name of the person which holds the political position of 
being King for the country Mallorca belongs to?” 

– “What is the name of the person using the alias “King of Mallorca?” 

• Answer: 
–  Juan Carlos 1? 
–  Jürgen Drews? 

– Actual natural language 
can often deal with such 
ambiguities 
•  “Who calls himself ‘King 

of Mallorca’?”  
– “Jürgen Drews” 
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•  Shallow QA uses just simple IR methods for finding relevant 
answer documents 
– Need to find a passage that directly answers the question. 

•  Find a candidate passage (search) 
•  Check that semantics of passage and question match 
•  Extract the answer 

–   Key-word based search 
•  e.g. just strip all filler words 

–  Rank sources by simple syntactic metrics like e.g. similarity to query 
– Use templates to extract the answer 

•  e.g. „X is a Y“ 
– Works well on simple factoid questions on popular questions 

•  …which have likely been asked and answered by humans in the net before 
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•  Simplest case for web-based IR: 
– Question was already crowd-sourced!  

•  i.e. exactly the same question was already asked and answered 

– Usually, just the required answer type is extracted 
•  e.g. return „50 – 100 meter“ in the example below 

– Not a typical case for a QA system… 
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•  Simplyfied Shallow QA structure 
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14.1 Shallow QA 

•  See for example Abney et al., 2000; Clarke et al., 2001; Harabagiu et al.;  Hovy et al., 2001; Prager et al. 2000 
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•  Deep QA aims at answering more complex 
questions 
– Heavily relies on NLP techniques 

• NLP tags parts of sentences with additional semantics 
• Part-Of-Speech Tagging 

– Detect the grammatical type of different words, e.g. subject, object, 
predicate, etc. 

• Named Entity Recognition 
–  Identifying words representing entities of a certain type 
– That’s why we needed answer type classification 

• …and many more: relation detection, co-reference resolution, 
word sense disambiguation, polarity detection, etc. 
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– Also, deep QA often relies on ontologies and 
reasoning 
• Generate ontologies within the system 

– Automatic ontology generation 
– Folksonomies 

• Use existing ontologies and linked data 
– e.g. WordNet, OpenCyc, SUMO, YAGO/NAGA, etc 

• Allow reasoning on data 
– Translate natural query to logic query 
– Different reasoning strategies like e.g. strict resoning or statistical 

reasoning 
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•  Part-Of-Speech Tagging (POS Tagging) 
– Words in a given text categorized and tagged by their 

lexical classification 
•  i.e. word type as well as the their relationship with 

related words 
– Like back then in school, but more thorough… 

•  In natural languages, POS is quite difficult and not 100% 
reliable 
– Language is ambiguous 
– Semantics are often hidden and implicit 
– Heuristic approaches! 
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•  Basic classifications 
– Noun 

•  Usually refers to entities and entity classes 
•  e.g. “city”, “monster”, “Godzilla”,  

“Mothra”, “Tokyo”… 
– Verb 

•  Usually refers to an activity 
•  e.g. “eat”, “collapse”, “smash”, … 

– Article 
•  Is usually combined with a noun to indicate a reference 
•  In modern part-of-speech science classified as determiners 
•  e.g.  “a/an”, “the”, 

– Adjective 
•  Usually qualifies a nouns and / or describes their properties 
•  e.g. “hungry”, “huge”, “monstrous”, “dangerous”… 
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– Preposition 
•  Indicate a relation between  things  

in a sentence 
•  e.g. “of”, “to”, “on”, “in”, “with”, … 

– Pronoun 
•  Substitute and refer to nouns 
• However, pure POS tagging can usually not detect what is 

referred 
•  e.g. “he”, “she”, “it”, “we”, “they”, “those”, “these”, “mine”, “our”, . 

– Adverb 
• A words modifying the meaning of other POS expect nouns 
• Commonly found in conjunctions with verbs 
•  e.g. “chomps fiercely”, “crushes relentlessly”, … 
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– Conjunction 
• Connect multiple words, sentences, or sentence parts 
• e.g. “and”, “or”, “nor”, “for”,  “yet”, “so”, … 

– Interjection 
• Expresses an isolated emotion or fills pauses 
• Usually only found in natural speech and Web 2.0 (but 

omitted from carefully written text”) 
– e.g. “uh”, “ähh”, “öhh”, “mhhpf”, “ne”,  “nghhh”, … 

– In general,  computer-based POS tagging differentiates 
between 50 – 150 part of speech classes 
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•  Part-of-speech tagging algorithms are usually trained 
on a corpus 
– Manually tagged texts in corpus 
– Algorithm tries to imitate 

•  e.g. supervised / unsupervised learning, hidden Markov models, 
etc. 

•  By knowing the part of speech tags, algorithms may 
try to derive some semantics from sentences 
– Search for certain patterns 

•  Extract facts 
•  Extract entities 
• … 
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•  Many POS taggers are readily available 
– like i.e. http://ida.hum.ku.dk/tools/index.php?lang=en 

•  “Thus the distance between their "average" orbital paths is 
78,341,212 Km.” 
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• Named Entity Recognition is a task related to 
POS tagging which extracts named entities 
– i.e. nouns and noun sequences representing an entity 
– Typically, the entities are also tagged with their type 
• person, city, movie, country, … 

– POS tagger are usually developed and trained for a 
specific domain  
• Each type usually needs an own classifier 

– Named entities allow to quickly grasp the topic of a 
text  
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•  In the following, we showcase a semi-shallow 
factoid system 
– Input knowledge is provided by text documents in 

natural langue 
– Focus on factoid questions 
• When / Who / How far / How big / etc. 

– Relies on the internet for data sources 
– Heavily relies on IR techniques 
– Uses some more sophisticated NLP techniques 
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•  Example Workflow of an IR-based Factoid System 
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•  Query Formulation 
– Create a list of keywords (bag of words) used as query 

for a normal IR system 
•  like, e.g. Google 

– Leave query intact or strip out stop words 
•  Stop words: words carrying no real information 

– Like he / she / it / …. 

– Optionally, expand query using some thesauri or hand-
crafted ontologies 
•  Like e.g. WordNet 
• Useful when using small document collections, usually not 

required when using large corpora 
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• Question classification:  “How big is Godzilla?” 
– Find required answer type 
• How/WRB big/JJ is/VBZ Godzilla/NNP ?/. 

– Question uses an wh-adverb followed by adjective 
– Question classification usually employs question 

ontologies 
• “How big is X?” relates to size 

– Asking for the property size of entity X 
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•  Early QA systems used hand-crafted pattern based 
question ontologies 
– e.g. Property Size:  

•  Patterns:  how {big | high | wide | long} [verb related to  ‘to be’] 
• Common measurements for size are: 

– meter (m), centimeter (cm), yard (yd), foot (ft), 
inch (in), etc. 

•  Newer QA system use supervised learning to 
learn question and answer types 
– i.e. large collections of typical questions are tagged by 

experts  
– Algorithm learns which patterns indicate a certain type 
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•  Question:  “How big is Godzilla?” 
– How/WRB big/JJ is/VBZ Godzilla/NNP ?/.! 
– Question Topic is clearly Godzilla 

• Only noun in text, preceded by a verb and an adjective and a 
question word 

• Also, if a Named Entity Extractor  
was used, Godzilla would be the  
only entity 

– Query Formulation: 
Using a learned or hand-crafted question ontology, we 
can know that “how big” relates to size 
•  Possible alternative query:  

“Godzilla size” 
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• Document Retrieval 
– Retrieve candidate documents which might contain 

the answer from the text collection 
• Use standard IR (e.g. search engine) 
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•  After candidate documents have been obtained, 
retrieve relevant passages 
– Find all passages which might contain the answer 
• Especially: remove all passages which do not contain the 

answer! 

– Top-ranked document does not necessarily contain 
the answer 
•  Internet-style IR often uses popularity ranking (e.g. 

PageRank) 
• Popularity ranking does not necessarily yield a correct 

answer 
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– Ranking can be done using many different 
characteristics, like e.g. 
• Number named entities of the correct answer type in 

the passage 
– e.g.  answer type size,  paragraph contains  “meter”, or “feet”,  … 

• Number of question keywords and / or topics 
– e.g.  topic of question is Godzilla, text contains named entity 

Godzilla 

• Sentence proximity between passage and query 
– Heuristic: if words in passage closely resembles query,  it is probably 

relevant 
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•  Answer extraction 
– From the selected passage, extract the actual answer 
– Common approaches are answer patters extraction or 

N-gram tiling 
• Answer patterns extraction relies on learned or manually 

designed patterns provided in the answer type ontology 
•  Example: 

– Pattern for a size question: <Entity> … <Verb> … <Cardinal> <Entity
[unit for describing size]> 
» <Cardinal> <Entity[unit for describing size]> is the answer 

– N-gram mining is a purely statistical approach used in web 
QA systems 
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•  Extracted example paragraphs: 
–  “In the 1954 Japanese original, Dr. Yamane estimates that Godzilla is 

50 meters tall (167 feet).” 
•  Good sentence for pattern matching 

–  “At the same time, the height of the new Godzilla was increased to 
80 meters (267 feet).” 

–  “However, their complicated time-travel plan backfires, and Godzilla 
is reborn in 1992, now towering at 100 meters (334 feet). !” 
•  More difficult to parse due to more complex sentence structure  

–  “When the series returned after the TriStar fiasco with!Godzilla 2000, 
the King of the Monsters returned to the 80 meters (267 feet) 
version, and has stayed at that height ever since.” 
•  Even more difficult  
•  Godzilla 2000 recognized as a movie by a good NER 
•  King of Monsters is an often used synonym for Godzilla 
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•  Extracted answers 
– 50 meters 
– 80 meters 
– 100 meters 
– 50 – 100 meters 

•  What is the real size?? 
– Perform a majority vote? 
– More intelligent processing for detecting that size changes? 
– Pick “50 – 100 meters” as it subsumes all other answers? 
– Tricky… 
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•  Using shallow QA, many more complex question 
cannot be answered reliably 
– Thinks of the early “King of X” examples! 
– Deep QA techniques might improve reliability 
– Bring in ontologies and common knowledge 
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• During document retrieval in the last section, we 
also found a Wikipedia info box! 
– Very popular source of knowledge 
– Often, specialized extractors are 

used to parse info boxes 
• We cross into deep QA here 

– Extract knowledge into ontologies 
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• Commonsense Knowledge Base / Ontology 
– Closely related to upper ontologies 
– Ontologies of general knowledge people possess 
– Usually automatically generated from encyclopedias 
• A common approach is to parse Wikipedia texts and info 

boxes 
– E.g. DBpedia, Yago, etc.  
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•  Usually covers: 
– Ontology!of classes and individuals 
– Parts and materials of objects 
– Properties of objects (such as color and size) 
– Functions and uses of objects 
– Locations of objects and layouts of locations 
– Locations of actions and events 
– Durations of actions and events 
– Preconditions of actions and events 
– Effects (postconditions) of actions and events 
– Subjects and objects of actions 
– Behaviors of devices 
– etc. 
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•  Commonsense knowledge base 
– e.g.  YAGO  

•  http://www.mpi-inf.mpg.de/yago-naga/yago/ 
•  http://uniat5401.ag5.mpi-sb.mpg.de:8180/webyago/Browser?

entity=Godzilla 
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– Good commonsense ontologies may be used to 
answer queries directly 
• Systems only using such ontologies usually have a low recall 

and precision  
– Commonsense ontologies are often incomplete or even wrong! 
– Not an effective approach! 

– But commonsense ontologies can be used to gather 
hints for supporting answers found by other means! 
• Good deep QA use usually multiple commonsense 

knowledge bases from different sources / with different 
focus 
• Try to reason over answer candidate and query! 
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•  Yago Query:  Direct Deep QA 
– “Which Nobel prize winners were born after Albert 

Einstein?” 

!"#$%&'(&)*+,&'-./,0&1,-+"'-2&'3456&-2+0+7+,&,-8-9#%:);<%#-*+%=&-8->?<%<@@-9<%%&-8-A:A.-8-;B-*C+3",4?$&<(- FJ-

14.3 Towards Deep QA 



• Watson is IBM research’s new super computer 
– DeepQA project (successor of DeepBlue)  
– Watson challenged Brad Rutter (most successful 

player ever) and Ken Jennings (longest winning streak) 
in a game of Jeopardy 
• Final round: 14-16.02.2011 
• “Trained” in the IBM hosted Jeopardy Tournament of 

Champions 
– Competed against invited “lesser” champions 
– Actually, tournament is used to train classifiers and answer 

extractor under real world conditions 
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–  Ferrucci, David; Brown, Eric; Chu-Carroll, A.A.; Fan, James; Gondek, David; 
Kalyanpur, J. Lally, Adam; Murdock, J. William; Nyberg, Eric; Prager, and C. 
Schlaefer, Nico; Welty, “Building Watson:  An Overview of the 
DeepQA Project” AI Magazine, vol. 31, 2010, pp. 59-79. 

–  Stephen Baker; Final Jeopardy; Houghton Mifflin Harcourt; 2011; 
ISBN-13:!9780547483160 
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•  Challenges in Jeopardy 
– You loose money if you buzz with the wrong answer 
• System needs to model confidence in answer and only ring 

in when it is sure 
• A certain amount of gambling should be tied to the 

confidence 

– Human players are fast 
• Response times between 1 and 6 seconds,  

on average 3 seconds 
• Performance is important 
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– Very open domain 
•  Jeopardy question may include nearly any topic 
• No help besides the clues provided (like multiple choice) 
• Over 2,500 common answer types in just 20,000 questions 

– Complex and obfuscated questions / clues 
• Clues are often provided in a non-straight forward manner 
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•  Lexical Answer Types 
– Question Type Ontology (NA = no types detectable) 
– Strong long-tail effect 
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•  Legacy Systems: PIQUANT 
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• Watson’s base architecture 
– Massively parallelized probabilistic evidence-based 

approach 
• Concurrently generate multiple answer hypothesizes 
• Find evidences supporting the hypothesis 

– By e.g. reasoning 

• Pursue multiple question and / or answer types at once 
– Especially, use corpuses of multiple domains in parallel 

• Model probabilistic confidences 
– Select most confident hypothesis 
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• Watson’s base architecture 
– Combine shallow IR based techniques and deep 

ontology based techniques  
– Everything is on-board 
• No internet access during operation 
• Brings full-text document collections as well as multiple 

structured data sources and ontologies 
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• Watson Architecture 
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•  Which data does Watson include? 
– Seed corpus: 

• Archives of encyclopedias, dictionaries, thesauri,  
newspaper articles, literary works, etc.  

– Using the seed, an expanded corpus is created 
• Query the internet for related documents to those in the seed 
•  Extract text-nuggets which seem to have an high degree of 

information 
• Merge the nuggets with the corpus 

– Structured Corpus 
• All kinds of obtainable databases, taxonomies, and ontologies 

– Again: Dbpedia, Yago, WordNet, etc 
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•  Watson question classification focuses on: 
– Type of question 

•  i.e. puzzle, definition, multi-component, question, rhyme, etc. 
– Focus and LAT detection  

• What is the topic of the question, which lexical type does the 
answer have 

– Relation detection  
•  Form a query in a triple-like format 

– Used to query ontologies or triple stores 
– Look up answer directly in a DB (<2% of answers can be found this 

way) 

– Question decomposition 
•  If a question is actually made up of two concatenated sub-

questions, solve them individually 
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•  After the question is analyzed,  Watson performs 
multiple (different) shallow QA queries 
– Query textual documents using different extractors / 

passage retrieval algorithms 
•  So called primary search 
•  Focus on recall, not precision 

– Additionally, triple stores are searched 
•  Based on recognized Named Entities 

– Results in a set of hypotheses  
• Already ranked and tagged with a simple confidence 
•  Several hundreds of hypothesis are generated 
•  Experiment: in 85% of the questions, the TOP 250 hypotheses 

contain the correct answer 
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•  Before further processing, hypotheses are soft-
filtered 
– Cheap filter to remove definitely wrong answers 
– Compare lexical type of hypothesis with estimated 

lexical answer type 
• Only heuristically possible 
•  If a certain threshold is not reached, discard hypothesis 
• ~ 100 hypothesis survive 
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•  The deep QA part of Watson starts with the 
hypothesis scoring 
– Roughly 50 scoring components / algorithms used 

•  “Wisdom of the crowds” idea 
•  Each scorer provides an independent score, no scorer is 

dominant 
•  Results in evidence profile 

•  Common scorers 
– IR-based scorers 

•  Repeat primary search with query expanded by hypothesis 
•  Find passages containing the query words as well as the 

hypothesis 
•  Employ various similarity measurements / weightings 
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– Ontology-based Reasoning 
• Simple reasoning tasks in available ontologies, triple-stores, 

and taxonomies 
•  Infer types, subsumption, disjointness, associations, etc. 

between hypothesis and parts of the clues 

– Geospatial Reasoning 
• Used to verify location and directional data 

– e.g. is something located north / south / etc.; is something located 
in / near / adjacent,;  etc. 

– Temporal Reasoning 
• Verifies if time-related clues do match the hypothesis 
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•  Example: 
– Clue: “Chile shares its longest land border with this 

country.” 
– Candidates: 
• Argentina and Bolivia 
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•  Evidence Profile 
– Location Support 

•  Geo-Spatial data favors 
Argentina 

– Passage Support 
•  Many passages do report a long  

border between Argentina and Chile 
– Popularity 

•  A recent border disputed between Chile and Bolivia favors Bolivia 
– Reliability 

•  Bolivia sources are less reliable (e.g. Blogs) 
– Taxonomic 

•  Both country seem to equally related to Chile from a taxonomic point 
of view 
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•  Finally, Watson merges semantically equivalent 
hypothesis (and their evidence profiles) 
– Again, heavy use of information in thesauri and 

ontologies 

•  After merging, the answers are ranked with a final 
confidence score 
– Combining function for evidence vectors is learned 

from training matches / question sessions 
• Which scores are reliable for which kind of questions? 
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•  In addition to pure QA, Watson needs some game 
strategy 
– When to buzz in? When stay silent? 
• Which confidence estimates are high enough? 

– What to wager in end round? 
• “Classic” game theory 

– Which categories to picks 
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•  Result: 
– Watson won on a large margin! 
• $77k vs. $24k vs. $21k 
• “I for one welcome our new computer overlords.” 

• Where to now? 
– Re-tailor Watson for being a medical expert system 
• The expert systems strike back! (again) 

– Re-tailor Watson for being a financial / traffic planning 
expert system 
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• Next Winter 
– Multimedia Databases 
– Geo-Information Systems 
– Information Retrieval and 

Web Search Engines 
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