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Who Reads to Learn? 

Mary

home buyer

Jae

interview prep

Karthik

diabetes
management

Nina

grad student

Raven

web services

Common Threads:
-Self-motivated learners
-Wide variety of sources

-Factual and conceptual material
-A need for mastery



Making Reading More Effective

Axis 1: Improving Mastery

Axis 2: Improving Coverage

Axis 3: Improving Engagement



A Call for Collaborators and Interns

• A great deal of open territory

• If you see something that 
piques your interest, please 
contact us!

• sumitb@microsoft.com

lucyv@microsoft.com



Axis 1: Mastery
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Mastery: The Value of Testing

• Karpicke and Roediger, 2008, 
“The Critical Importance of 
Retrieval for Learning.”

• Anderson and Biddle, 1975, “On 
Asking People Questions About 
What They are Reading.”

• Laufer and Goldstein, 2004, on 
the difficulty of Recall tasks vs. 
Recognition

• The Dunning-Kruger effect: the 
cognitive bias in which the 
unskilled think they have mastery

• McGraw-Hill representatives –
the persistent need for new tests 
for teachers (helper tool) and 
students (self-review)



Mastery: The Value of Adaptation

From Bloom et al., “The Two Sigma Problem,” Educational Researcher, 13 (6) pp. 4-16. 1984.



So, What Can We Do?

• Mastery is achieved through a repeated cycle of 
testing and adaptive presentation 

• Our work is focused on making it possible to 
apply the Mastery Loop at scale via:
– Automatic methods

– Auto/Crowdsourcing hybrids

– Amplifying human efforts
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First Step of the Mastery Loop:
Testing the Student

• Our goal: generate high quality questions from 
textbooks, web articles, or other source materials
– First, we select the most important parts of the text to ask 

about
– Then select the parts of those sentences that will make the 

best questions

– Finally, create cloze (fill-in-the-blank)* questions from 
those parts

• The resulting questions can be useful to multiple 
audiences:
– Students: for review and mastery
– Teachers: as a “power tool” to help with creating exams



Question Generation: Related Work

• Wh-Questions

– Autoquest (Wolfe, 1976)

– Transformation rules (Mitkov and Ha, 2003)

– Template-based generation (Chen et al., 2009)

– Overgenerate-and-rank (Heilman and Smith, 2010)

– QG-STEC (Rus et al., 2010)

• Fill-in-the-blank (aka gap-fill & cloze) questions

– Content-focused (Agarwal and Mannem, 2011)

– Vocabulary and language learning (Pino et al., 2008)
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Question Generation Overview

Sentence
Selection

1.

Like Pierre Curie, Röntgen
refused to take out patents 
related to his discovery.

Candidate
Construction

Like __________, Röntgen refused 
to take out patents related to his 
discovery.
Like Pierre Curie, Röntgen refused 
to take out ______ related to his 
discovery.

2.

Like __________, Röntgen
refused to take out patents 
related to his discovery.
Like Pierre Curie, Röntgen
refused to take out ______ 
related to his discovery.

Training
the Model

Like __________, Röntgen
refused to take out patents 
related to his discovery.  
Like Pierre Curie, Röntgen
refused to take out ______ 
related to his discovery.   

0.6

0.8

4.

Lee Becker, Sumit Basu, and Lucy Vanderwende. "Mind the Gap: Learning to Choose Gaps for Question Generation." NAACL 2012.

Corpus
Construction

3.



Candidate Construction

• Task: Given a sentence, generate a question that 
best covers the material in that sentence.

• Approach: Over-generate and rate candidates

– Obtain constituency parse and SRL for each sentence

– Create gap for each SR argument and each nested NP 
and AJP

– Human judges to rate each candidate question

12



Candidate Construction Example

• Before Genghis Khan  died, he assigned Ögedei
Khan as his successor and split his empire into 
khanates among his sons and grandsons.
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Candidate Construction Example

• Before Genghis Khan  died, he assigned Ögedei
Khan as his successor and split his empire into 
khanates among his sons and grandsons.
1. Before ___________ died, he assigned Ögedei Khan as his successor and split 

his empire into khanates among his sons and grandsons.
2. Before Genghis Khan died, __ assigned Ögedei Khan as his successor and split 

his empire into khanates among his sons and grandsons.
3. Before Genghis Khan died, he _______ Ögedei Khan as his successor and split 

his empire into khanates among his sons and grandsons.
4. Before Genghis Khan died, he assigned __________ as his successor and split 

his empire into khanates among his sons and grandsons.
5. Before Ghengis Khan died, he assigned Ögedei Khan as ___________ and split 

his empire into khanates among his sons and grandsons.

A1Pred A0 AM-TMPA2Semantic Role Labels:
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Corpus Construction: HITs

Question Answer

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ was 
an important development during the Industrial 
Revolution.

The large scale 
production of 
chemicals

The large scale _ _ _ _ _ _ _ _ _of chemicals  was 
an important development during the Industrial 
Revolution.

production

The large scale production of chemicals was      
an important development during     _ _ _ _ _ _ _ 
_ _ _ _ _.

the Industrial
Revolution

Good Okay Bad

Good Okay Bad

Good Okay Bad
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Corpus Details

• 105 vital/popular Wikipedia articles
• Sentences: for each article, 10 from SumBasic + 

10 from random sampling
• HITs: ~10 Questions / HIT, 4 judges/HIT
• 2252 Candidate Questions in total
• 85 unique judges
• Filtered workers and questions:

– Eliminated 431 questions, Retained 1821 questions 
with highest agreement.

– Of filtered questions 700 (38%) labeled Good

16
Corpus available at http://research.microsoft.com/~sumitb/questiongeneration



Examining the Corpus:
Distribution of questions by gap length
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Examining the Corpus:
Distribution of SRLs



Examining the Corpus:
Distribution of gaps by NE-types

19



Training the Model:
Gap selection as supervised learning

• Approach: Overgenerate and score:

– Identify candidate blanks

– Extract features from the sentence and the gap

– Train/Evaluate ‘Good’ vs ‘not-Good’ question classifier.

– For scoring use calibrated learner*

• Logistic Regression + L2 Regularizer

– Evaluation: 10-fold cross validation
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Features
Feature Category Number Examples

Token Count 5 Num. tokens in sentence
Num. overlapping tokens sentence:gap

Lexical 11 Gap [pronoun|stopword|abbrev.|capital] density

Syntactic 112 POS tag before/after gap
Gap bag of POS tags
Gap syntactic parse depth
Gap location relative to head verb (before/after)

Semantic 40 SRLs contained in gap
SRL covering gap

Named Entity 11 Gap named entity density
Gap named entity type frequency (LOC, ORG, PER)
Sentence named entity frequency

Wikipedia Link 3 Gap link density
Sentence link density

Total 182
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Results: ROC
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False Positive Rate
(% incorrectly identified as Good)

@EER
TPR = 83%
FPR = 19%

TP = Question is Good, classifier says Good

FP = Question is not Good, classifier says Good.



Demo: Wikipedia 

Article on “Entropy”:

Original Text



Demo: Wikipedia 

Article on “Entropy”:

Generated Questions



Demo: Wikipedia 

Article on “Entropy”:

Answers



Example Results: False Positives
Raters considered these bad

Question Answer SystemScore

In 1821 , the Greeks declared _ _ on the Sultan. war 0.732

This includes greeting others with " as-salamu
`alaykum " ("peace be unto _ _"), saying bismillah
("in the name of God ") before meals, and using only 
the right hand for eating and drinking. 

you 0.907

Not only is there much ice atop _ _ _ _ _ _, the 
volcano is also slowly being weakened by 
hydrothermal activity.

the 
volcano

0.790
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Example Results: False Negatives
Raters considered these good

Question Answer System 

Score

Caesar then pursued Pompey to Egypt, where 
Pompey was soon _ _ _ _ . 

murdered 0.471

About 7.5% of world sea trade is carried via the canal 
_ _ _.

today 0.119

Asante and Dahomey concentrated on the 
development of "legitimate commerce" in _ _ _ _ _ _ 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  , forming the bedrock 
of West Africa's modern export trade.

the form 
of palm oil 
, cocoa , 
timber 
and gold

0.029
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Question Generation on Plain Text



Then What?

• For the student case:
– Because they are using this system to help them study, 

they can grade their own answers.

– Adaptation: we can then adapt the reading material 

based on their performance, to focus on those areas 
where they need the most work

• Expanding the types of possible questions
– Generating high-level concept questions covering 

larger spans of text

– Well-formed Wh- questions from identified spans



Grading Questions

• How can we grade fill-in-the-blank questions?
• Can we do it quickly, cheaply, accurately?
• Gave 1280 sections to Turkers (320x4 judges), 5 q’s each (6400 total)

– 1: turkers read section
– 2: we hid the section and gave them the quiz
– 3: they saw the true answer and their own, asked to self-grade

• 984 items graded by two experts (Sumit/Lucy)
• 911 items where experts gave the same grade
• We also distributed first 1000 questions to other Turkers to grade
• Next step – a calibrated automatic means of grading that can shunt to Turkers

Method Agreement More Harsh More Lenient

Self Grading 93.5% 4.5% 2.0%

Turker Grading 95.4% 2.4% 2.2%

String Match 79.1% 20.9% 0.0%

Table 1: Agreement of various methods with experts on the 911 

question/answer pairs where both experts agreed on the grade



Lifelong Memorization

Goal: help you master and refresh important content for a lifetime

quizzes at

the right time

documents,

web pages,

lists



Axis 2: Improving Coverage

• When we’re reading to learn, how do we 

know when we’ve read enough?

• How do the set of all relevant documents 

connect to what we’ve chosen to read?

• How do we connect what we’re reading now 
to what we’ve read in the past?

• In order to learn more, what should we read 

next after reading this document?



How Do You Learn from a Document Collection?

“bing, I need to learn more about anemia…”



Finding Connections



Axis 3: Improving Engagement

• How can we help people use their reading 
time more effectively?

• How can we get people to read more?

• Can we make long reading tasks less 
daunting?

• Can we help readers reflect on their reading 
progress in a topic area?



This space reserved for
Audience-Generated Questions


