VOL. E97-D NO. 9
SEPTEMBER 2014
The usage of this PDF file must comply with the IEICE Provisions
on Copyright.
The author(s) can distribute this PDF file for research and
educational (nonprofit) purposes only.
Distribution by anyone other than the author(s) is prohibited.

IEICE TRANS. INF. & SYST., VOL.E97–D, NO.9 SEPTEMBER 2014

2415
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Preventing Participation of Insincere Workers in Crowdsourcing by
Using Pay-for-Performance Payments
Shigeo MATSUBARA†a) , Member and Meile WANG†b) , Nonmember

SUMMARY
We propose a method for finding an appropriate setting of
a pay-per-performance payment system to prevent participation of insincere workers in crowdsourcing. Crowdsourcing enables fast and low-cost
accomplishment of tasks; however, insincere workers prevent the task requester from obtaining high-quality results. Instead of a fixed payment
system, the pay-per-performance payment system is promising for excluding insincere workers. However, it is diﬃcult to learn what settings are
better, and a naive payment setting may cause unsatisfactory outcomes. To
overcome these drawbacks, we propose a method for calculating the expected payments for sincere and insincere workers, and then clarifying the
conditions in the payment setting in which sincere workers are willing to
choose a task, while insincere workers are not willing to choose the task.
We evaluated the proposed method by conducting several experiments on
tweet labeling tasks in Amazon Mechanical Turk. The results suggest that
the pay-per-performance system is useful for preventing participation of
insincere workers.
key words: crowdsourcing, mechanism design

1.

Introduction

Crowdsourcing is a new problem-solving method that requests an undefined public to accomplish a task [1]. Human
workers are involved in a problem-solving process in many
situations. For example, consider that a requester wants to
know what impression several alternatives of advertisement
copy give to potential buyers in order to select the best advertisement copy consistent with the product’s characteristics. For this task, it might be possible to apply natural language processing techniques but it is often diﬃcult to obtain
results of suﬃcient quality without focusing on the application domain. On the other hand, people can easily accomplish this kind of task even if they are not trained. However,
this brings about another challenge of how to motivate workers to complete a task. Thus, applying multiagent system
technologies, including mechanism design, is promising.
This provides a new challenge of how to prevent participation of insincere workers. Amazon Mechanical Turk
(MTurk) is a crowdsourcing marketplace that enables requesters to publish a task and workers to get paid by accomplishing the task. The individual tasks are called Human
Intelligence Tasks (HITs). If a requester publishes a HIT on
MTurk, it will be posted on the HIT list. Workers can select
a HIT from the list and submit the results. If the requester
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approves the submitted results, the requester pays the workers. It has been reported that a translation task can be performed quickly at low cost by using MTurk [2]. However,
it has been pointed out that there is a significant number of
insincere workers [3].
Insincere workers are those who complete a task but
who deliberately do not pay attention to the task instructions
and try to get paid with the least eﬀort. In MTurk, payment
will not be given if the requester does not approve the submitted answer. However, requesters often do not know what
the correct answer is. In addition, workers are not likely to
select a task if its requester has a high disapproval rating.
This makes it diﬃcult for requesters to disapprove submitted answers if they want to publish subsequent tasks. Thus,
the approval system is not eﬀective for excluding insincere
workers. It is also possible that a requester will first impose
a qualification test on workers and provide the main tasks
only to the workers who pass the test. However, this causes
another problem of ensuring a suﬃcient number of workers.
A countermeasure against insincere workers is to use
redundancy. That is, a requester gives the same task to
more workers, and then tries to obtain the correct answer by
applying a voting method or machine learning techniques
such as the expectation-maximization (EM) algorithm [3],
[4]. However, even if the payments to individuals are small,
redundancy increases the problem-solving cost. If the requester has many tasks, the overhead from redundancy becomes severe. In addition, if the task is a kind of poll, such
as investigating the impression of a copy of a product, the requester needs to ask many workers to complete the task. If
there are insincere workers, the obtained distribution of answers might be skewed, which leads to wrong conclusions.
Therefore, it is preferable to develop a method for preventing participation of insincere workers in advance instead of
relying on post processing. To solve this problem, we examined the pay-for-performance payment system.
As mentioned above, although there is an approval system in MTurk, many tasks can be virtually viewed using the
fixed payment system. That is, if a worker submits an answer, the worker can receive payment, such as $0.05. The
requester can set a bonus in MTurk. For example, a bonus
of $0.01 will be paid if the worker completes an additional
task such as answering a questionnaire. If a requester sets
the fixed payment to quite a lower value and sets the bonus
to a substantial amount, the pay-for-performance payment
system can be implemented, i.e., a worker is paid a lower
amount of money as the fixed payment and can receive a
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bonus if he/she submits the correct answer. Here, we expect that if fixed-payment and the pay-for-performance payment tasks simultaneously exist, the amount of the expected
payment for the pay-for-performance payment task becomes
lower for insincere workers; therefore, insincere workers
would prefer fixed-payment tasks.
However, a payment pair must be chosen carefully.
Consider the case where other requesters publish tasks with
a fixed payment of $0.05. If a requester publishes a similar task with a fixed payment of $0.00 and a bonus of $0.05,
sincere workers as well as insincere workers will not be willing to do this task because payment is not guaranteed even
for sincere workers who always obtain the correct answer.
That is, sincere workers expect to obtain lower payment
if they choose this pay-for-performance task compared to
fixed-payment tasks. Therefore, a payment setting must be
found that is not attractive to insincere workers but attractive
to sincere workers.
We propose a method of calculating an appropriate
payment pair of fixed payment and bonus in the pay-forperformance payment system. First, given the ratio of sincere workers in the worker pool, the accuracy ratios of answering the correct answers for sincere/insincere workers,
we discuss finding a payment setting that is not attractive to
insincere workers and attractive to sincere workers. Attractive means that a pay-for-performance task gives a larger
expected payment to sincere workers compared to fixedpayment tasks. We evaluated the performance of the proposed method by publishing several tasks on MTurk. Some
readers might think this is a simple calculation, but the probability of obtaining a bonus depends on other workers’ submitted answers because the correct answer is determined by
collective decision making, such as plurality voting. That is,
the probability that workers can obtain a bonus is aﬀected by
several factors such as the number of workers, which means
that simple calculation is not suﬃcient to solve the problem.
Section 2 describes related work. Section 3 explains
our model of pay-for-performance payment systems in
crowdsourcing and Sect. 4 describes our method for calculating the expected payment in the pay-for-performance system. Section 5 explains how to estimate the parameters in
our model that conforms to the actual task request in MTurk.
Section 6 describes the experimental design and explains the
experimental results of evaluating the performance of the
proposed method. Section 7 concludes the discussion.
2.

Related Work

Related studies have focused on reward and monetary incentive in crowdsourcing [5]–[10], but these studies did not
investigate the pay-for-performance system. Witkowski investigated how to motivate persons to report the true evaluation in reputation markets [11] but the applied area was
diﬀerent.
Pay-for-performance have been studied in economics [12]. Holmstrom gives a general framework for determining the optimal contract for the problem of moral haz-

ard [13]. However, applying his study to our problem is not
straightforward. As explained in Sect. 5, we have to consider the problem of parameter estimation, i.e., how to estimate the ratio of sincere workers and accuracy rates of
sincere workers/insincere workers. Such issues cannot be
covered in Holmstrom’s study. In addition, it is not clear
whether workers in MTurk are rational as the economic literature assume. We should examine whether the methods
of incentivizing workers in the economic literatures hold for
environments in crowdsourcing.
3.

Model

We focus on labeling tasks for selecting the most suitable
label for a given text or image among alternative labels. For
example, workers are asked to answer a question whether
the following sentence gives a positive or negative impression.
You can find out anything on Facebook and Twitter.
This task may not have an expert who can always give the
correct answer. In such a case, the correct answer, i.e., the
ground truth, is determined by collective decision making
such as plurality voting or Bayesian inference. We call such
an alternative a “correct” answer that receives the most votes
if a requester ask a suﬃcient number of sincere workers.
This definition is suitable for cases that the requester’s
objective is to obtain the alternative with the most votes.
For example, determining the accented syllable in a word,
and determining the relevance between given keywords and
content of a web page are included in such tasks.
If insincere workers are included, we have to estimate
the correct answer. In this paper, we use a simple EM algorithm to estimate the correct answer, although many variations exist [14], [15].
The discussions in this section and in Sect. 4 assume
two alternatives, while the discussion in Sect. 6 assumes
three alternatives. In addition, we assume that if there is
more than one alternative with the most votes, an alternative
is selected at random and is treated as the correct answer.
A worker is characterized as sincere or insincere. Insincere workers always randomly select an alternative without considering which alternative is appropriate. We assume
that a suﬃcient number of workers exist in the worker pool.
The ratio of sincere workers is represented as α. Accomplishing a task incurs the cost of cS for a sincere worker,
while cI for an insincere worker (cS > cI ). If workers belong to the same type, they incur the same cost for completing a task because we assume that completing a task does
not require any expertise.
Whether a worker is sincere or insincere is related not
to an ability of the worker but to an attitude of the worker
for completing a task. Thus, it may happen that a worker
accomplishes a task sincerely but the answer is wrong. Utilizing the pay-for-performance system has a risk to exclude
such sincere workers. This problem can be mitigated if
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there is a correspondence relation between the reported answer and the correct answer. For example, if it is known
that a worker always chooses minority opinions for all the
questions, its report helps to estimate the correct answer, although the detailed discussion is beyond the scope of this
paper.
The accuracy rate, i.e., the probability of answering the
correct answer, is represented as p for sincere workers and
q for insincere workers. The distribution of answers might
be diﬀerent for diﬀerent tasks. For example, in the task of
selecting an appropriate label for a given sentence, the distribution that positive:negative = 0.9:0.1 is obtained for sentence X and positive:negative = 0.51:0.49 for sentence Y.
p > q and p > 0.5 are also assumed.
We consider a fixed-payment system and a pay-forperformance payment system as reward payment systems.
The payment amount in the fixed-payment system is represented as r. The utility of a sincere worker can be represented as uS = r − cS and uI = r − cI for an insincere worker.
The pay-for-performance payment system is characterized as a payment pair of fixed payment and bonus. The former is represented as a and the latter is represented as b. The
fixed payment will be paid regardless of correct/incorrect if
a worker submits an answer, while b will be paid if the submitted answer is the alternative with the most votes. We do
not say that the answer is correct but the submitted answer
is an alternative with the most votes. The utility of workers
can be represented as follows.
uS = a + b · fS − cS
uI = a + b · fI − cI

; sincere
; insincere,

where fS represents the probability that a sincere worker can
obtain b and fI represents the probability that an insincere
worker can obtain b. Note that fS and fI do not directly
correspond to p and q. This is because which alternative
become the alternative with the most votes depends on the
other workers’ answers. That is, as the ratio of insincere
workers changes, the distribution of answers changes and
the alternative with the most votes also changes. For example, if all the workers are insincere except one, each alternative has almost the same probability of becoming the
alternative with the most votes. Thus, if the sincere worker
always obtains the correct answer, he/she often fails to obtain b. The method for calculating fS and fI is described in
Sect. 4.
We assume that similar types of tasks are published by
other requesters at the same time. This assumption holds
in MTurk. Workers face the problem of which task they
should choose. We assume that workers choose one that
gives a larger expected payment. Therefore, once fS and fI
are obtained, a requester should find a payment pair of a and
b that satisfy the following conditions.
a + b · fS − cS ≥ r − cS
a + b · fI − cI < r − cI

; sincere
; insincere

These conditions are required to prevent participation of insincere workers. We do not intend to control the behaviors

of all the requesters nor intend that a requester publishes
two tasks, where one is in the fixed-payment system and the
other is in the pay-for-performance payment system, but we
consider a situation in which other requesters publish similar tasks with fixed payment.
4.

Method for Calculating Expected Payment

This section explains method for calculating the amount of
expected payments for sincere and insincere workers if the
pay-for-performance payment system is used.
Consider a sincere worker choose a task in the case that
an identical task is given to three workers. If the remaining
two workers are sincere, the probability pS1 that the sincere
worker can obtain b is given as follows.
pS1 = p(p2 +2p(1− p))+(1− p)((1− p)2 +2(1− p)p)
The terms on the right side enclosed in p corresponds to
the case in which the alternative with the most votes is the
correct answer, while the terms on the right side enclosed
in 1 − p corresponds to the case in which the alternative
with the most votes is the incorrect answer. In the terms
enclosed in p, term of p2 corresponds to the case that all the
answers of the three workers are correct. Term of 2p(1 − p)
corresponds to the case that two votes are the correct answer
and a vote is the incorrect answer. In the terms enclosed in
1− p can be explained in the same manner. Terms of (1− p)2 ,
2(1 − p)p correspond to the cases that all the answers of
the three workers are incorrect, and the case that two votes
are the incorrect answer and a vote is the correct answer,
respectively.
The probability pS2 for the case of a sincere worker and
an insincere worker, and the probability pS3 for the case of no
sincere worker and two insincere workers can be calculated
in the same manner.
By multiplying the probability of occurrence of each
case to the values of pS1 , pS2 , pS3 , we can obtain the probability that a sincere worker obtains b, i.e., the value of fS , as
follows.
fS = α2 pS1 + 2α(1 − α)pS2 + (1 − α)2 pS3
We can calculate the probability that an insincere worker can
obtain b, fI , in the same way. In addition, we can calculate
the probability that a requester can obtain the correct answer.
Figure 1 shows how to calculate the probabilities of
obtaining b for sincere workers, fS , and that for insincere
workers, fI , in the case that an identical task is given to n
workers. We omit the expression for the case that n is an
even number due to page limitations.
From the above discussion, we can formalize the decision problem of the requester as the following optimization
problem.
Objective function maxa,b,n v(pR ) − payment
Constraints
a + b · fS ≥ r; sincere
a + b · fI < r; insincere,
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Fig. 1

Probability calculation in requesting n workers (n is odd).

where pR is the probability that the correct answer is obtained and function v represents the requester’s value of obtaining the correct answer. Constraints are obtained from
the discussion in Sect. 3, although the cost terms, cS and cI ,
are omitted from both sides because the cost is the same in
the pay-for-performance payment system and in the fixedpayment system.
Constraints mean that a payment pair should be attractive for sincere workers but not for insincere workers. Insincere workers select an alternative at random and vote for
it. Thus, the existence of insincere workers skews the distribution of answers, which makes diﬃcult to know the correct answer. The left side of the expressions of the constraints corresponds to the expected payment in the payfor-performance payments task, while the right side corresponds to the expected payment in the similar task with
the fixed-payment payment system, where r is the payment
amount in the fixed-payment task. The utility calculation includes the terms of cost, but the cost is the same in the payfor-performance payment system and in the fixed-payment
system. Thus, the cost terms, cS and cI , are omitted from
both sides.
We assume that preventing participation of insincere
workers can be achieved by motivating insincere workers to
choose the fixed-payment tasks that provides a larger payoﬀ
compared to the pay-for-performance payment tasks. We
implicitly assume that insincere workers can accurately calculate the expected payoﬀ and there is a suﬃcient number
of tasks in the task pool. That is, there are too many tasks
for an insincere worker to select all. We assume that this
assumption holds in MTurk.
So far, we assumed that the number of workers for a
task n is given and focused on the discussion on how to set
a payment pair a and b. The probability of obtaining the
correct answer pR depends on α, p, and q but does not directly depend on the payment setting. Thus, to solve the
optimization problem mentioned above, we can ignore the
term of v(pR ) and focus on the term of payments. Although
there are various payment settings that satisfy the above constraints, it seems better to set a to a significantly lower value,
e.g., 0, to prevent participation of insincere workers. That is,

the setting in which a = 0 and b = r/ fS can maximize the
objective function.
However, this setting may cause another problem. This
gives the same expected payment to sincere workers as with
the fixed-payment tasks, but sincere workers may fail to accurately calculate the expected payment. In the discussion
on expected payment calculation, we assume that the parameter values of α, p, and q are common knowledge, but
we may not be able to assume it in actual applications. For
example, if a sincere worker underestimates the value of p,
the setting of a = 0 and b = r/ fS becomes less attractive
for sincere workers compared to the fixed-payment task. To
verify whether the above calculation is valid, we carried out
experiments on MTurk. Before presenting the experimental
results, we discuss the estimation of the parameters in the
next section.
Worker collusion is an interesting and significant issue.
Further investigation is necessary, but we can discuss its effect. The proposed method attempts to maximize the objective function under the constraint in which the expected
payment in the pay-per-performance system is larger than
or equal to that in the fixed-payment system. If almost all
workers collude with each other and the method classifies
these workers into sincere workers, it will set the payment
pair in which worker obtains the payment close to that for
the fixed-payment task. Thus, if colluding incurs an additional cost to workers such as communication costs, the payper-performance task is not preferable for insincere workers.
5.

Parameter Estimation

The previous section introduced our method of calculating
the expected payment. To perform the calculation, it is necessary to estimate α, p, and q. We propose the following
procedure to obtain these values.
1. As a preliminary experiment, publish the task with
fixed payment on MTurk.
2. Based on the results of preliminary experiments, calculate the mean values of α, p, and q.
3. Based on our method discussed in Sect. 4, calculate a
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payment pair of a and b that satisfy the constraints.
The smallest task unit is called a HIT in MTurk. In a
simple task such as sentence labeling, a HIT often consists
of several sentences to be labeled instead of a single sentence. This is because the minimum payment is $0.01 per
unit task and handling HITs becomes cumbersome for both
the requesters and workers if a unit task is too small. Therefore, We compose a HIT that contained ten sentences to be
labeled. Whether it was correct or not could be determined
for each of the ten sentences.
A simple index to evaluate the performance of each
worker is to count the number of correct answers for the ten
sentences. However, the task dealt with in this study may not
have a strict correct answer, e.g., 1 + 1 is 2. For example,
suppose that ten workers are asked to answer the impression
of a sentence; Good or Bad. Assume that the result shows
that Good:Bad = 9:1 for sentence X and Good:Bad = 6:4 for
sentence Y. If worker 1 answered (X, Y) = (Good, Bad) and
worker 2 answered (X, Y) = (Bad, Good), the number of
correct answers is one for each worker. However, it is less
likely that Bad would be selected for sentence X, compared
to if Bad is selected for sentence Y. Therefore, it is not suﬃcient to determine the performance of a worker only by the
number of the correct answers.
To address this problem, we calculate the probability of
occurrence of the answer pattern. In the previous example,
the probability of occurrence in which Good is selected for
sentence X is 0.9 and the probability of occurrence in which
Bad is selected for sentence Y is 0.4. Thus, the probability
of occurrence in which (X, Y) = (Good, Bad) is calculated
as 0.9 × 0.4 = 0.36. On the other hand, the probability
of occurrence in which (X, Y) = (Bad, Good) is calculated
as 0.1 × 0.6 = 0.06. Using this value enables us to rank
workers 1 and 2.
The next step is to classify the workers as sincere or insincere. If this classification is obtained, p and q can be
calculated. However, there is no basis to distinguish between sincere and insincere workers. After all, this problem can be reduced to whether the requester can find useful
information in the submitted answers. However, such subjective judgment makes it diﬃcult for other researchers to
verify the results. Therefore, we place the criterion in which
a worker is classified as sincere his/her performance is better
than the result of completely random selection; otherwise, a
worker is classified as insincere. In the previous example, if
Good/Bad is randomly selected, the probabilities of occurrence in which (X, Y) = (Good, Bad) and (X, Y) = (Bad,
Good) become 0.5 × 0.5 = 0.25 each. Thus, worker 1 is
classified as sincere and worker 2 is classified as insincere.
Once α is obtained, the probability that a worker is sincere is calculated using the Bayes rule. If its value is greater
than or equal to 0.5, the worker is determined as sincere;
otherwise, the worker is insincere.
The next step to consider is how to determine the bonus
payment. The accuracy rate takes continuous values. Therefore, it is not suﬃcient to determine the bonus payment

Fig. 2

Task presentation in MTurk.

based on whether a worker is sincere or insincere. This is
a way to determine the bonus payment based on the probability of occurrence of the answer pattern, but this is difficult for workers to understand. Therefore, we calculate
the bonus payment based on the number of correct answers.
Consider that a HIT includes ten sentences. The performance of a worker does not take a binary value of good or
bad, but takes step values from no correct answer to ten correct answers. Therefore, the bonus payment is calculated
by multiplying the accuracy rate, which is given by dividing
the number of correct answers by 10, by b. Because $0.01
is the minimum unit of payment, a rounded value is used as
the actual payment.
6.

Experiments

6.1 Preliminary Experimental Design
This section describes the design of the preliminary experiment. The purpose of the preliminary experiment was to
identify the parameters for pay-for-performance payments,
i.e., α, p, and q.
We chose a tweet labeling task for this experiment. The
tweets were actual tweets collected from trending topics on
Twitter.com. A worker selects a task from the task list in
MTurk. In the task list, information such as the task name,
name of requester, payment amount, is displayed. We told
the workers that this task is a pay-for-performance payment
task by posting that “Tweet labels (up to $0.07 as performance bonus)” as the task name.
If a worker selects this task, then the actual task page
is displayed. At the top of the task page, the content of the
task is explained by giving examples. The ten tweets to be
labeled are placed below the task instructions. A worker was
asked to select an appropriate label for a tweet from the following three options (1) positive/optimistic/pleasantly surprised, (2) negative/ironic/sad, (3) not emotional/plain description. A questionnaire is placed at the bottom of the
page to collect information on the worker such as country
of residence, native language, and interest in trending topics. In addition, an alternative of “others” was provided. If
the worker believed that other labels were more appropriate,
he/she could choose an alternative of “others”, and put an
arbitrary label in the text field.
Twenty tweets were collected from each of the trending topics of “OnlyInSingapore” and “InThisGeneration.”
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Table 1
HIT
ITG1
ITG2
OIS1
OIS2

Results from preliminary experiment.
#insincere
5
5
5
4

p
0.627
0.687
0.620
0.663

q
0.420
0.400
0.320
0.450

(ITG: InThisGeneration, OIS: OnlyInSingapore, #insincere: number of insincere workers (among 20 workers), p: accuracy rate of sincere workers,
q: accuracy rate of insincere workers)

In each trending topic, the 20 tweets were divided into two
groups of 10 tweets, and a HIT was composed based on each
group of 10 tweets. Thus, there were four kinds of HITs.
The fixed payment was set to $0.05. This means that
a worker would be paid $0.05 as long as he/she completed
the HIT regardless of the correctness of the answers. We observed that $0.05 is often used for similar tasks. In addition,
MTurk provides a guideline that $6 is suitable for an hour
task. Thus, we chose $0.05 as payment.
The tasks in the preliminary experiment were published
on MTurk in February 2012. The duration of posting the
HITs was set to seven days. From the questionnaire, we
learned that 70% of workers lived in India, and other workers lived in the United States, United Kingdom, Canada,
Bangladesh, and other countries.
6.2

Results of Preliminary Experiment

As mentioned above, the 20 tweets from two trending topics were divided into two groups for configuring a HIT. The
classification of sincere and insincere workers was done according to the method described in the previous section.
Table 1 shows the obtained results in the preliminary
experiments. From these results, the parameter values were
determined as α = 0.7625, p = 0.6492, q = 0.3947, and the
following constraints were obtained to prevent participation
of insincere workers when n = 20.
a + 0.6390b ≥ 0.05
a + 0.3992b < 0.05
This calculation was done by using the formulas extended
to the case in which the number of alternatives was three. If
there are three alternatives, whether an alternative becomes
a majority alternative depends on how the remaining two
alternatives receive the votes. We assumed that the probabilities of selecting alternatives 2 and 3 are the same if alternative 1 is the correct answer. The formulas are omitted due
to page limitations. The values of fS and fI depend on the
number of requests per task. For example, fS = 0.5914 and
fI = 0.4345 if n = 5, while fS = 0.6220 and fI = 0.4186 if
n = 10.
It may be questioned as to why α obtained in the preliminary experiment was used for the main experiment as is.
If insincere workers do not select the pay-for-performance
tasks because the expected revenue is less than that for the
fixed-payment tasks, α increases. However, it is diﬃcult to
evaluate this eﬀect in advance. Thus, α obtained in the pre-

liminary experiment is a safe estimation.
6.3 Experimental Design
We verified whether the proposed method of setting a payment pair of a and b works properly. In this experiment,
we used the same set of tweets used in the preliminary experiment and published tweet labeling tasks on MTurk. The
alternatives were the same as in the preliminary experiment.
Choice is three: (1) positive/optimistic/pleasantly surprised,
(2) negative/ironic/sad, (3) not emotional/plain. However,
the “others” option was not provided because it was rarely
selected in the preliminary experiment.
We used α obtained in the preliminary experiment for
the evaluation experiments as is. This is because calculating
the payments in the pay-for-performance payment system
assuming a small α, it is safe in terms of attracting sincere
workers and preventing participation of insincere workers.
Based on the data obtained in the preliminary experiments, the payment pair that maximizes the utility of the requester was a = 0 and b = 0.0782. However, MTurk allows
us to use $0.01 as a payment unit. Thus, it was expected
that a payment pair of a = 0 and b = 0.08 would be best for
the requester. In addition, if we set a = 0.01, b = 0.0626
was obtained by using the formulas. Thus, a payment pair of
a = 0.01 and b = 0.07 was the second best for the requester.
Based on these calculations, we selected the following ten
payment settings to compare the results; (a, b)=(0, $0.1),
(0, $0.09), (0, $0.08), (0, $0.07), ($0.01, $0.08), ($0.01,
$0.07), ($0.02, $0.06), ($0.02, $0.05), ($0.03, $0.04), and
($0.04,$0.02).
The tweet labeling tasks were published on MTurk in
July 2012. The period of posting the task was set to seven
days.
6.4 Experimental Results
Table 2 lists the experimental results. The expected payments show those calculated using our method, where rS
represents the expected payment for a sincere worker and rI
represents the expected payment for an insincere worker.
Table 2 elucidates the following.
• If a is 0, it is likely to take a longer time to complete
the task than in the case of other fixed payments. It may
take a longer time; from 1.5 to 3 times. However, there
is no problem in collecting 20 workers.
• In terms of the exclusion of insincere workers, the settings in which (a, b) = ($0.01 $0.07), ($0.01 $0.08),
and ($0.02 $0.05) are superior. The number of insincere workers was 4.75 on average in the fixed-payment
task, while it may be reduced to 1 to 1.5 in the pay-forperformance payment task.
An interesting point is that the setting of a = 0.01 is
more eﬀective than that of a = 0 in excluding insincere workers. The hypothesis is as follows. First, it is
easy to attract the attention of any worker if a payment
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Table 2
Payment settings
a
b
0
0.07
0
0.08
0
0.09
0
0.1
0.01
0.07
0.01
0.08
0.02
0.05
0.02
0.06
0.03
0.04
0.04
0.02

Expected payments
rS
rI
0.0447
0.0279
0.0511
0.0319
0.0575
0.0359
0.0639
0.0399
0.0547
0.0379
0.0611
0.0419
0.0519
0.0400
0.0583
0.0440
0.0556
0.0460
0.0528
0.0480

Results of using pay-for-performance payment system.

Duration
1d07h08m
17h53m
1d02h47m
21h51m
18h37m
15h15m
17h00m
17h16m
22h37m
18h59m

InThisGeneration
#insincere
rS
4
0.0385
3
0.0532
4
0.0574
4
0.0756
1
0.0531
1
0.0576
1
0.0518
3
0.0602
3
0.0533
0
0.0530

rI
0.0228
0.0293
0.0203
0.0275
0.0380
0.0420
0.0350
0.0420
0.0473
N.A.

Duration
1d08h28m
17h39m
1d06h47m
21h49m
21h13m
17h31m
13h08m
19h29m
22h38m
16h13m

OnlyInSingapore
#insincere
rS
0 0.0382
3 0.0489
2 0.0535
1 0.0574
2 0.0508
1 0.0639
1 0.0479
2 0.0570
2 0.0529
2 0.0514

rI
N.A.
0.0267
0.0450
0.0400
0.0380
0.0340
0.0500
0.0440
0.0420
0.0470

(Duration: duration of completing all tasks, #insincere: number of insincere workers (among 20 workers), rS : payment obtained by sincere
worker, rI : payment obtained by insincere worker)

larger than $0.05 is displayed regardless if it is a or b.
Second, if the a is 0, workers will believe it is not likely
to happen that the requester will pays nothing. On the
other hand, consider the case in which a is paid, even
if it is a very small amount, e.g., $0.01. In this case,
a requester will likely pay no b if the performance is
actually bad. A detailed examination of this hypothesis
will be included in our future work.
• If we say that the proposed method can successfully
predict the outcome when both the predicted and actual values are larger than $0.05 or smaller than $0.05,
i.e., the predicted and actual values will attract sincere/insincere workers compared to the fixed-payment
tasks. The method can successfully predict the outcome except in the following three cases. (a, b) = ($0,
$0.08) and ($0.02, $0.05) for sincere workers and (a, b)
= ($0.02, $0.05) for insincere workers in “OnlyInSingapore.”
However, the proposed method cannot accurately predict the outcome if we consider the value of rewards. A
reason is the method of classifying workers as sincere
or insincere workers. For example, if a worker submits
three correct answers out of ten questions, the worker
is often classified as a sincere worker. In the case of (a,
b) = ($0.02,$0.05) in “OnlyInSingapore,” the payment
amounts were reversed for sincere workers and insincere workers. Finding a more appropriate method of
classifying workers is also for future work.

performance payment system.
Second, we conducted independent t-tests for the payment settings of ($0.01, $0.08), ($0.02, $0.05), and ($0.04,
$0.02) in the pay-for-performance payment system and the
fixed payment system. Here, the dependent variables are
the probability of occurrence for each answer set. For example, when the obtained distribution of answers are (positive, negative, not emotional) = (0.8, 0.1, 0.1) for question 1 and (positive, negative, not emotional) = (0.6, 0.3,
0.1) for question 2, if a worker answers positive for question 1 and negative for question 2, the probability of occurrence is calculated as 0.8 × 0.3 = 0.24. The t-tests show that
t(78) = −3.248, p = .002 for ($0.01, $0.08), t(78) = 0.434,
p = .665 for ($0.02, $0.05), t(78) = −2.451, p = .016 for
($0.04, $0.02). In the cases of ($0.01, $0.08) and ($0.04,
$0.02), the probability of occurrence is significantly diﬀerent from that of the fixed payment system. A possible reason about the diﬀerences among these payment settings is
that if the number of sincere workers increases, it does not
necessarily cause the convergence to a single alternative.
For example, consider a tweet of “people giving you the
death-stare upon seating the reserve seat.” First, the word
of “death” may catch the attention of workers and cause a
feeling of negative. However, by reading the entire sentence
it may cause another feeling of positive.

To verify whether the decrease of the number of insincere workers does not result from a chance, we conducted statistical hypothesis tests on the experiment data.
Here, the data of “InThisGeneration” and the data of “OnlyInSingapore” are dealt with together to investigate the
topic-independent properties of the payment systems. First,
we conducted Fisher’s exact tests in terms of the number of insincere workers. The results show that the number of insincere workers in the payment settings of ($0.01,
$0.08), ($0.02, $0.05), and ($0.04, $0.02) in the payfor-performance payment system are significantly diﬀerent
from that in the fixed payment system (p = .048, p = .025,
p = .025, respectively). However, there is no significant diﬀerence among the payment settings in the pay-per-

We proposed a method for setting a payment pair of the
fixed payment and bonus in the pay-for-performance payment system to prevent participation of insincere workers
in crowdsourcing. For eﬃcient problem solving in crowdsourcing, it is necessary to prevent participation of insincere
workers. First, we proposed how to find a payment pair of
fixed payment and bonus in the pay-for-performance payment system that can attract sincere workers but exclude insincere workers. Second, we proposed how to obtain the parameter values of the ratio of sincere workers, accuracy rate
of sincere workers, and accuracy rate of insincere workers,
which are used as input for the proposed calculation method.
Third, we published several tasks on MTurk and evaluated
the proposed method. The experimental results suggest the

7.
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following. (1) If we set the fixed payment to zero, it will
take a slightly longer time to complete the task but rapid accomplishment of tasks is still possible. (2) Setting the fixed
payment to a small positive value is more eﬀective than setting it to zero for preventing participation of insincere workers. (3) The method can predict the tendency of whether the
payment setting attracts sincere/insincere workers, but it is
not as accurate in predicting the payment amount.
Finally, we assumed that a correct answer is determined by a majority vote. This can be extended to the case
in which the first and second majority alternatives are treated
as correct answers if there is any diﬀerence from random answering. On the other hand, a requester may want to obtain
the answer distribution. In this case, it seems diﬃcult to
distinguish a sincere worker from an insincere worker if the
sincere worker has minority opinions for all the questions.
Developing a mechanism able to deal with such a situation
is one of our future work.
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