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! Combining humans and computers for solving hard problems

☞ Querying human intelligence from computer systems

HUMAN COMPUTATION

Humans and computers collaboratively solve problems 

Crowdsourcing platform
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EXAMPLE: VIZWIZ [Bigham+ 2010]
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Figure 1: The VizWiz client is a talking application for the iPhone 3GS that works with the included VoiceOver screen
reader. VizWiz proceeds in three steps—taking a picture, speaking a question, and then waiting for answers. System
components include a web server that serves the question to web-based workers, a speech recognition service that
converts spoken questions to text, and a database that holds questions and answers. quikTurkit is a separate service that
adaptively posts jobs (HITs) to Mechanical Turk in order to maintain specified criteria (for instance, a mininum number of
answers per question or a pool of waiting workers of a given size).

in a batch of n questions (tt1+...+ttn). quikTurkit has work-
ers complete multiple tasks to engage the worker for longer,
ideally keeping them around until a new question arrives. In
the following figure, points marked with an R represent when
the worker is available to answer a new question.

...Recruiting Worker... ...Completing Tasks...

tr tt1

R R R

time... ttn+ +

To use quikTurkit, requesters create their own web site on
which Mechanical Turk workers answer questions. The in-
terface created should allow multiple questions to be asked so
that workers can be engaged answering other questions until
they are needed. VizWiz currently has workers answer three
questions. Importantly, the answers are posted directly to
the requester’s web site, which allows answers to bypass the
Mechanical Turk infrastructure and answers to be returned
before an entire HIT is complete. As each answer is submit-

ted (at the points labeled R above), the web site returns the
question with the fewest answers for the worker to complete
next, which allows new questions to jump to the front of the
queue. Requests for new questions also serve to track how
many workers are currently engaged on the site. If a worker
is already engaged when the k

th question is asked, then the
time to recruit workers tr is eliminated and the expected wait
time for that worker is tt(k�1)

2 .

Recruiting workers before they are needed: quikTurkit al-
lows client applications to signal when they believe new work
may be coming for workers to complete. VizWiz signals that
new questions may be coming when users begin taking a pic-
ture. quikTurkit can then begin recruiting workers and keep
them busy solving the questions that users have asked previ-
ously. This effectively reduces tr by the lead time given by
the application, and if the application is able to signal more
than tr in advance, then the time to recruit is removed from

336

Human computation for supporting blind people

Step 1: user posts a visual 
question, e.g., “which can is 
the corn?”

Step 2: humans inside the 
system answer the question, 
e.g., “on the right”
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CHALLENGE

! There is no guarantee all participants will answer correctly

o Uncertainty: everyone can make mistakes

o Diversity: people have different levels of reliability

Quality control is a big challenge in human computation 
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Figure 1: The VizWiz client is a talking application for the iPhone 3GS that works with the included VoiceOver screen
reader. VizWiz proceeds in three steps—taking a picture, speaking a question, and then waiting for answers. System
components include a web server that serves the question to web-based workers, a speech recognition service that
converts spoken questions to text, and a database that holds questions and answers. quikTurkit is a separate service that
adaptively posts jobs (HITs) to Mechanical Turk in order to maintain specified criteria (for instance, a mininum number of
answers per question or a pool of waiting workers of a given size).

in a batch of n questions (tt1+...+ttn). quikTurkit has work-
ers complete multiple tasks to engage the worker for longer,
ideally keeping them around until a new question arrives. In
the following figure, points marked with an R represent when
the worker is available to answer a new question.
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To use quikTurkit, requesters create their own web site on
which Mechanical Turk workers answer questions. The in-
terface created should allow multiple questions to be asked so
that workers can be engaged answering other questions until
they are needed. VizWiz currently has workers answer three
questions. Importantly, the answers are posted directly to
the requester’s web site, which allows answers to bypass the
Mechanical Turk infrastructure and answers to be returned
before an entire HIT is complete. As each answer is submit-

ted (at the points labeled R above), the web site returns the
question with the fewest answers for the worker to complete
next, which allows new questions to jump to the front of the
queue. Requests for new questions also serve to track how
many workers are currently engaged on the site. If a worker
is already engaged when the k

th question is asked, then the
time to recruit workers tr is eliminated and the expected wait
time for that worker is tt(k�1)

2 .

Recruiting workers before they are needed: quikTurkit al-
lows client applications to signal when they believe new work
may be coming for workers to complete. VizWiz signals that
new questions may be coming when users begin taking a pic-
ture. quikTurkit can then begin recruiting workers and keep
them busy solving the questions that users have asked previ-
ously. This effectively reduces tr by the lead time given by
the application, and if the application is able to signal more
than tr in advance, then the time to recruit is removed from

336

“which can is 
the corn?” “on the left!”

Example: VizWiz with unreliable workers
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SOLUTION

Parallel workflow
Let multiple participants be involved in each task

Iterative workflow

aggregate

answer review modify
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Statistical modeling for 
parallel workflow

aggregate



PROBLEM SETTING

YES YES YES NO

NO YES YES YES

NO YES NO YES

?
?
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“Does this 
image have 

a bird?”

We aim to estimate true answers from worker answers

Estimate

Generative model

Target: true answer Given: worker answers

(Latent)
true 

answer

(Observed)
worker 

answers

Model
parameters
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DAWID-SKENE (DS) METHOD [Dawid&Skene 1979]

: Probability of answering YES when the true answer is YES ✓j
�j

Worker reliability is incorporated into the model

: Probability of answering NO when the true answer is NO

Reliability parameters of each worker j

Generative model

𝑡" =NO

True 
answer

Worker 
answer

𝑡" =YES

ti yij

✓j

�j
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DRAWBACK OF EXISTING APPROACHES

! The DS method emphasizes the answers of the majority

o Other sophisticated approaches work in a similar manner

! When the majority is incorrect, wrong workers can be 
considered reliable

They often fail when the majority is incorrect

YES YES YES NO NO

YES YES YES NO NO

Considered as reliable

Q. Which of the following drugs is most 
likely to cause Cushing’s syndrome with 
long-term use? 
(a) Heparin, (b) Insulin, (c) Theophylline, 
(d) Prednisolone 

Example of a difficult question

Q
ue

st
io

n
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! We ask workers to report the confidence with their answers

! Confidence reports can be useful for targeting reliable 
workers (i.e., experts), but some workers report wrongly

o Overconfident

o Underconfident

CONFIDENCE REPORT

Directly ask workers to report their confidence

Q1. Is this “Blue-winged Warbler”?
Q2. Are you confident with you answer? 

YES
YES

NO
NO

Confidence reports
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yij

CONFIDENCE REPORT

Reliability
parameter

Confidence 
parameter 

True 
answer

Worker 
answer

ti

𝑡" =YES, 𝑦"% =YES

𝑡" =YES, 𝑦"% =NO

𝑡" =NO, 𝑦"% =YES

𝑡" =NO, 𝑦"% =NO

Worker 
confidence 

report

cij

Confidence parameters are incorporated into the model

𝑡" =
YES

𝑡" =
NO

Probability of reporting a high 
level of confidence
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HYPER QUESTION
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Experts are more likely to agree with each other
Q

ue
st

io
n

Experts:
always answer correctly

Non-experts:
guess randomly

Majority
voting

NOTE: “A” is the correct answer for all questions

Example of an extreme case
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HYPER QUESTION

! Hyper question: random subset of single questions

o E.g., 3-hyper questions of four questions {1, 2, 3, 4} are
{1, 2, 3}, {1, 2, 4}, {1, 3, 4}, and {2, 3, 4}

! Answer to a hyper question: 
concatenation of the answers to the single questions
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への回答に
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1
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への回答
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統合

2 3 4

{1
, 2

, 3
}

{1
, 2

, 4
}

{1
, 3

, 4
}

{2
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We focus on sets of questions rather than single ones 

1
2
3
4
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HYPER QUESTION
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Hyper questions let experts win in majority voting
Q
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{1, 2, 3}
{1, 2, 4}
{1, 3, 4}
{2, 3, 4}

Experts can still reach a consensus on 
hyper questions and become majority

Non-experts have less chance to reach 
a consensus on hyper questions
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Statistical modeling for 
iterative workflow

answer review modify



PROBLEM SETTING

?Output

Reviewers
Author

Given grades, we aim to predict the quality of output 

Grades Quality of 
output

No guarantee that all reviewers are reliable
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RELIABILITY OF GRADES

Each author has ability and variance parameters

Step 1: Generative model of quality

(Latent) true quality Author’s ability 

Author’s variance

Author
parameters

(Latent)
true 

quality

(Observed)
grade
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RELIABILITY OF GRADES

Each reviewer has bias and variance parameters

Step 2: Generative model of grade

(Latent) true quality(Observed) grade Reviewer’s bias

Reviewer’s variance
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Author
parameters

(Latent)
true 

quality

(Observed)
grade

Reviewer
parameters

gtar ⇠ N
�
qta + ⌘r,�

2
r
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?

Quality of 
output A

Output
A

Output
B

A

A

B

B

B

A

>

>

>
?

Reviewers Quality of 
output B

Comparison results are used for quality estimation
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“Good reviewer votes for many good outputs”
“Good output is voted for by many good reviewers” 

Idea

RELIABILITY OF COMPARISON



RELIABILITY OF COMPARISON

Quality is updated based on the weighted num. of votes 

Quality of 
output j

Reliability of reviewer 
voting for output j

Step 1: update quality

20/22

Quality Reviewer
reliability

qj � qk =
X

i2Vj�k

ri �
X

i2Vk�j

ri

Reliability of reviewer 
voting for output k

Sunahase, Baba&Kashima AAAI’17



RELIABILITY OF COMPARISON

Reliability is updated by the proportion of correct votes

21/22

Step 2: update reviewer reliability

Reviewer’s 
reliability

Num. of correct votes 
given by the reviewer

Num. of votes given 
by the reviewer

Quality Reviewer
reliability

ri =
|{(j � k) 2 Vi | qj > qk}|

|Vi|

Sunahase, Baba&Kashima AAAI’17



SUMMARY AND FUTURE DIRECTION

! Our approach

o Statistical modeling for parallel and iterative workflow in 
human computation

! Open questions

o How can we assign the reliability of each worker when 
there can be multiple correct answers?

o How can we design a systematic way of letting people 
reach a consensus in complex questions?

Statistical quality control in human computation
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