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Ambiguous Interpretations

Do you see a vase or 2 faces?

Which is right?

Who is right? 



Ambiguous Interpretations

Do you see a vase or 2 faces?

Which is right? 

Who is right?

Replace a single expert  
opinion with non-experts who 
generate lots of opinions



Understanding Language Meaning

Dumbo is now ready to 
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Anaphoric co-reference: 

anaphor and preceding 

antecedents.
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Ambiguous Meanings

John (Brad Pitt) and Jane Smith (Angelina Jolie), a couple in a 
stagnating marriage, live a deceptively mundane existence. 
However, each has been hiding a secret from the other: they
are assassins working for adversarial agencies.
Mr & Mrs Smith (2005)



Ambiguous Meanings

John (Brad Pitt) and Jane Smith (Angelina Jolie), a couple in a 
stagnating marriage, live a deceptively mundane existence. 
However, each has been hiding a secret from the other: they
are great actors.
Mr & Mrs Smith (2005)



Ambiguous Meanings

John (Brad Pitt) and Jane Smith (Angelina Jolie), a couple in a 
stagnating marriage, live a deceptively mundane existence. 
However, each has been hiding a secret from the other: they 
are assassins working for adversarial agencies.
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Ambiguous Meanings

Do you see a vase or 2 faces?

Which is right? 

Who is right?

Replace a single expert  
opinion with non-experts who 
generate lots of opinions

...but how do you collect that 
much information?



Overview

• How we collected lots of differing opinions about language

• How we can make sense of the differing opinions

• What have we learnt about language from the data 

• What is the future for systems with humans in the loop



Addictive Games

By age 21, the average American has spent more than
10,000 hours playing video games, 
equivalent to five years of working a full-time job.
Marc Prensky, CEO and founder Games2train.com





Addictive Games

Rehabilitation centres which usually deal with alcohol and 
drug-related issues have seen a dramatic rise in the number 
of parents seeking help for teenagers with gaming addiction.
https://www.bbc.co.uk/news/av/uk-34231719/more-teenagers-addicted-to-computer-games



Games with a Purpose

What if that energy was repurposed?

The ESP Game
200,000 players, 50 million labels
in 2 months

Purchased by Google to improve 
image labelling of search results 

Luis von Ahn, co-founder of Captcha and DuoLingo



Other Crowdsourcing Approaches

Genetic Knowledge Development (Wikipedia)

Wisdom of Crowds (Yahoo Answers)

Search (GalaxyZoo)

Knowledge Collection (OpenMind CommonSense)

Dual Purpose (CAPTCHA)

Microwork crowdsourcing (Mechanical Turk, Crowdflower)

Quinn, A. J., and Bederson, B. B. 2011. Human computation: A survey and taxonomy
of a growing field. In Proceedings of the 2011 SIGCHI Conference on Human Factors
in Computing Systems (CHI'11), 1403-1412.



Phrase Detectives

Players annotate linguistic 
features of a text

Players also validate the 
opinions of other players

Tested methods of player 
motivation using game 
elements and prizes

Developed methods to 
minimise cheating and poor 
performance

Poesio, M., Chamberlain, J., Kruschwitz, U., 
Robaldo, L., and Ducceschi, L. (2013). Phrase 
Detectives: Utilizing collective intelligence for 
internet-scale language resource creation. ACM 
Transactions on Interactive Intelligent Systems, 
3(1):1 44.



Corpora

Encyclopaedic (Wikipedia)

Stories (Gutenberg)

Existing corpora (ARRAU)

Scripts 

User created content

www.phrasedetectives.com
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Phrase Detectives



Data Collection

Live for over 10 years

1.1M words in the game

Over 4.3M decisions 

61k players

10k hours or 416 days of 
annotation work

Chamberlain, J., Poesio, M., and Kruschwitz, U. 
(2016). Phrase  Detectives corpus 1.0: 
Crowdsourced anaphoric coreference. In 
Proceedings of LREC, Portoroz, Slovenia. 



Data Quality: An Initial Investigation

Quality (majority voting) is 
high compared to experts

Can be improved with filtering

Agreement between experts

Agreement between experts and the majority-voted answer from players 



Class Difficulty and Distribution

DN (discourse-new): refers to 
a newly introduced entity;

DO (discourse-old): refers to 
an entity already mentioned; 

NR (non-referring): does not 
refer to anything (e.g. 
pleonastic it);

PR (property attribute): a
property of a previously 
mentioned entity (e.g. a

Accuracy of crowd based on class

Distribution of class within corpora



Class Difficulty and Distribution

Contextual difficulty
Readability and document 
length do not impact 
accuracy.

Interpretation difficulty
• DN markables are common 

and easy to identify.  
• DO are less common and 

harder to identify.
• NR rare but easy to identify.
• PR uncommon and difficult 

to identify.

Accuracy of crowd based on class

Distribution of class within corpora



Incorrect vs Ambiguous (Maj Vote)



Physical Performance Indicators

User Performance Indicators In Task-based Data Collection Systems. 
Chamberlain & O'Reilly, 2014.
Proc. MindTheGap'14, Berlin.

1. input processing (sensory processing) where the user views 
the input (text or image) and comprehends it;
2. decision making (cognitive processing) where the user 
makes a choice about how to complete the task;
3. taking action (motor response) to enter the response into 
the system interface (typically using a keyboard or mouse).



Physical Performance Indicators

Incorrect answers take 
longer but there a large 
amount of fast spam
responses.

The interface plays a major role in
response times. 



User Interface Restrictions

Restricted context of the system in order to make it 
game like and not an annotation tool, eg:

- No cataphors (selecting beyond the antecedent)
- 1000 character context
- Cant create or edit markables

Limiting expressions makes the processing easier and 
reduces errors but we miss useful information



User Interface Restrictions

Players try to express themselves using the limited 
interface eg discourse diexis

The Andean Condor is a scavenger, feeding mainly on 

carrion. Wild condors inhabit large territories, often 

traveling more than 200 km (100 miles) a day in search 

of carrion. In inland areas, they prefer large 

carcasses, such as those of dead farm animals or wild 

deer, while their diet consists mainly of beached 

carcasses of marine mammals when near the coast. It is 

no use trying to catch one. This behaviour is typical of 

condors.

Comments and skips also allow user expressions to 
some extend



Prior Knowledge and Specificity

Different levels of knowledge held by the users can 
create ambiguous results, eg

Sun birds = Andean condor

How to mark up knowledge that reveals itself through 
discourse, eg the butler conundrum

Mr Smith = the butler = the murderer

How to mark up specificity, eg:

John, the king of England ...

King John, at age 21, ...

After being dethroned, John ...



Bias from an Uneven Workload

Crowd systems typically have an uneven workload 
following a Zipfian distribution

If a small group do most of the work then the outcomes 
will be based on their skills, knowledge, opinions etc



Phrase Detectives corpus v2.0

2,235,664 judgments from 
1958 players, of which:

1,358,559 annotations and
867,844 validations.

20.6 judgments per markable

Compared to:
600K judgments for 
Ontonotes (~3 per markable)
10M judgments for PRECO 
(also ~3 per markable)

Poesio, M., Chamberlain, J., Paun, S., 
Kruschwitz, U., and Yu, J. (2019 forthcoming). 
"A Crowdsourced Corpus of Multiple 
Judgments and Disagreement on Anaphoric 
Interpretation." In Proceedings of NAACL-HLT 
2019, Minneapolis. Association for 
Computational Linguistics.



Bayesian Models of Annotation

A Bayesian model of annotation specifies the probability of 
a particular label on the basis of parameters specifying the 
behavior of the annotators, the prevalence of the labels, etc.

Metrics:
• Annotator accuracy
• Item difficulty
• Item distribution

Paun, S.,  Carpenter, B.,  Chamberlain, J.,  Hovy, D.,  Kruschwitz, U., and Poesio, M. (2018).  
"Comparing bayesian models of annotation." Transactions of the Association for 
Computational Linguistics.



Mention Pair Annotation (MPA)

No existing BAM can work with anaphoric information, in 

chains

MPA attempts to link mention pairs. 

On the Phrase Detectives v2.0, it achieves an accuracy of 
91.43% (as opposed to 84% for Majority Voting)

We are now attempting to develop MPA to discover clusters 
of players who perform well at certain tasks.

Paun, S., Chamberlain, J., Kruschwitz, U., Yu, J., and Poesio, M. (2018). "A probabilistic 
annotation model for crowdsourcing coreference." In Proceedings of EMNLP18, pages 
1926 1937, Brussels, Belgium. Association for Computational Linguistics. 



Collaboration vs Collusion

Phrase Detectives ensured all decisions were independent.
Reduce collusion, bias and cheating to score points.
This allowed us to explore the dataset and test algorithms. 



Collaboration vs Collusion

Moving towards directive models:
- We know the players better and give more challenges
- Players can direct us to interesting phenomena 



Collaboration vs Collusion

Social contract of crowdsourcing and volunteering:
- Players give up their time and effort
- They must be entertained and rewarded in return



Summary

• How we collected lots of differing opinions about language

• How we can make sense of the differing opinions

• What have we learnt about language from the data 

• What is the future for systems with humans in the loop



Conclusions

Between 10% (written text) and 30% (spoken language) of 
nominal expressions in language could be anaphorically 
interpreted in different ways.

We can use crowds to collect lots of differing opinions on 
language to support the development of probabilistic models.

Careful collaboration and directive models we believe are the 
future for large-scale systems where humans play a key role in 
the data creation and curation.



DALI: The Team

Disagreement and Language Interpretation (DALI)

Developing new games, 
especially to help language 
learning.

Phrase Detectives
TileAttack!
Wormingo Learn

Join us?

Database, Web dev, UX



Thanks for listening!
Now start playing: www.phrasedetectives.com


